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1 Available Contributions to Sonic Boom
Regulation
Several projects were conducted in the past years preparing the introduction of new supersonic civil
aircraft.
Two of them, HISAC and SOBER, are partially presented hereafter.
The HISAC project (“environmentally friendly HIgh Speed AirCraft”) was a European Integrated
Project (AIP4-CT-2005-516132) co-funded by the European Community (www.hisacproject.com), in
FP6 between 2006 and 2009.
The SOBER project (SOnic Boom European Research programme : numerical and laboratory-scale
experimental simulation) took place in FP5 between 01/01/2001 and 30/04/2004, involving 10
partners from EU and Norway, and was coordinated by Airbus France SA.

1.1

Synthesis of previous European research projects

1.1.1 HISAC
In the frame of HISAC, an attempt was done to provide a preliminary review of current knowledge
and uncertainties about sonic boom and its acceptability for civil overland supersonic flights,
pointing out key questions that still need to be answered with a view to establishing a standard on
sonic boom ground levels [i].
1.1.1.1 Introduction: conventional booms
The Sonic boom is the ground trace of the pressure disturbance created by the passage of an aircraft,
or any other object, flying faster than the speed of sound. A typical conventional (non-minimized)
sonic boom time waveform measured at the ground looks roughly like the letter N - see Figure 1 as
an example - and hence is commonly called an N wave [ii]. The distinctive characteristics of
conventional sonic booms compared to other types of noise are: 1) the presence of two (or more)
shock waves, e.g., large and sudden pressure variations that may be perceived like detonation noise
(sonic boom is sometimes also called "ballistic detonation"); 2) the slow variations in time of the part
of the sonic boom between the shock waves. This portion of the waveform is slow enough to be
inaudible by the human ear. However, because low frequency energy is present, it may induce some
indirect noise and other non-audible effects that should be considered when assessing human
acceptability to sonic boom. So sonic boom is characterized as simultaneously a loud, low frequency
and impulsive noise (according to the definition of CHABA [iii]). It is impulsive because of its short
duration (of the order of 0.1 to 0.3 ms, closely related to the length of the aircraft) with a relatively
distinct termination (the last shock). Moreover the pressure increase through the shock waves takes
place over a very short time, defined as the rise time, which is of the order of a few milliseconds. It
is loud because the overall peak overpressure is of the order of 50 to 100 Pa (1 to 2 psf). It is low
frequency because the main part of its frequency spectrum is in the infrasonic or low audible
frequency range (1-30 Hz) - see the pressure spectrum in Figure 1.
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Figure 1 : Example of an N wave: sonic boom recording from a SR71 (BoomFile database [iv] - 08/05/1987 09:26 - recorder 56) - left : time waveform - right : pressure spectrum.

Figure 2 : Sonic boom geometry: rays are launched perpendicular to the Mach cone until they reach the
ground. Rays tangent to the ground delineate the geometrical carpet, which is the sum all the isoemission
lines (the ground points touched by rays emitted at a given position of the aircraft).

1.1.1.2 Sonic boom, the atmosphere and uncertainty
Sonic boom prediction (in terms of pressure versus time waveform) at the ground level is a relatively
complex procedure (Figure 3) that has been improved continuously since the pioneering theory of
Whitham [v] and the first computation code [vi]. Near the aircraft, advanced CFD techniques
applied on adapted meshes [vii] enable to quantify the pressure field with a high precision at
distances ranging from a fraction of to several fuselage lengths. Beyond this point, the pressure
disturbance is propagated down to the ground using nonlinear acoustical ray theory (Figure 2).
Direct matching requires performing CFD computations at large distances, which is quite costly, but
advanced techniques [viii] improve the matching procedure that can be performed at shorter ranges.
Ray tracing [ix,x] determines the propagation path of the sonic boom. It accounts for variations of
atmospheric pressure, temperature, density and wind. The so-called carpet is the ground zone
impacted by rays originating from any point along the supersonic flight path. During propagation
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along an individual ray, nonlinearities lead to the formation, evolution and merging of shock waves
[xi]. In particular, for long propagation of high amplitude signals, small amplitude shocks tend to
merge with stronger ones, thus giving rise at the ground level to the ultimate "N" wave, with one
head shock and one tail shock. The head shock generally results from the merging of the shocks
emanating from the nose, the wing leading edge and the engine inlet of the aircraft. Influence of
absorption, mostly from vibrational relaxation of molecular nitrogen and oxygen under the
influence of humidity [xii] can be included to quantify finite rise time for shock waves in a quiet
atmosphere [xiii]. Thick clouds can also induce a large damping of booms [xiv]. However, ray theory
is an approximate process which is invalid in several situations. Laterally, away from the ground
projection of the flight path, there exists a shadow zone (Figure 2) due to atmospheric refraction with
no direct ray coming from the aircraft. There, sonic boom progressively decays, shock waves smear
out but lower frequencies persist longer (Figure 4). The region of separation between the geometrical
carpet touched by acoustical rays and the shadow zone is quite complex to describe and simulate.
A transition model has been proposed [xv] but it is valid only for "calm" conditions (like the ICAO
standard atmosphere) and is dubious in some strongly upward refracting cases. Moreover, the
current models do not take into account the influence of the turbulence of the planetary boundary
layer near the earth surface, where scattering processes by turbulent structures (like eddies, thermal
plumes...) occur. In the mean, turbulence, by redirecting randomly the sonic boom energy, tends to
reduce the boom amplitude and increase the rise time (Figure 4), but local lens effects may lead to
local focusing with amplified booms. Several "local" propagation models within a turbulent layer
have been proposed [xvi,xvii].However there remains to : i) validate quantitatively these models by
cross comparisons with boom recordings, ii) couple them with data above the planetary boundary
layer in a consistent way from a meteorological point of view, iii) incorporate them into a sonic boom
prediction code. As a consequence, any prediction including turbulence effect will have to be a
statistical one. Moreover, inside shadow zones, it is known, for continuous sound, that scattered
sound is dominant, but this remains mostly unexplored for sonic booms.
An example of the influence of local variability (due in particular to turbulence) on the boom level
is given by Figure 5, where two boom metrics (A- and C-weighted Sound Exposure Level in dBA or
dBC) have been plotted versus the peak overpressure (in dB) for the 456 signatures of the BoomFile
database [iv]. In each case, the thick line is the best fit, with
𝐴𝑆𝐸𝐿 = 1.1713 ∗ 𝑃𝑒𝑎𝑘(𝑑𝐵) − 68.72
𝐶𝑆𝐸𝐿 = 𝑃𝑒𝑎𝑘(𝑑𝐵) − 26.32
and the thin lines indicate deviations of +-2.5 dBC for CSEL, and +-5 dBA for ASEL. While BoomFile
data are restricted mostly to conventional boom levels in the range of 125 to 140 dB (35 to 200 Pa),
some fewer data nevertheless provide information for lower levels in the range of 110 to 125 dB (6
to 35 Pa), closer to expected low boom levels of future aircraft. The difference between the two
metrics is quite obvious, with the CSEL fit being more accurate and with less deviation than the
ASEL one. The value equal to 1 of the linear fit for the CSEL metric indicates this one is strongly
correlated to the peak overpressure. That correlation is weaker for the ASEL metric which is much
more sensitive to an additional parameter, the rise time. The large variability of this one with
meteorology and turbulence explains the larger fluctuations. As the rise time tends to increase with
the peak overpressure, and hence further decreases the noise level, the correlation coefficient is
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larger than 1 (1.1713). However, that beneficial tendency seems not to be valid anymore for low
levels, but it is difficult to conclude here as low level data are pretty scarce. This at least points out
the need for test flight data with low boom levels from realistic low boom configurations, as could
be provided by a demonstrator.
Hence, atmospherical propagation is a source of large variability of the sonic boom. That variability
is at different scales: i) a global one because of climate variations between the different regions over
the earth (in terms of "mean" temperature, wind and humidity profiles), ii) a mid-size one because
local weather conditions fluctuate daily, especially at mid latitude coastal regions where an
important part of the human population lives and where most of the air traffic takes place, iii) a local
one because of the turbulence. Simulations investigating separately these sources of variability
[xviii,xix,xx] also indicate large fluctuations of some "impact" parameters such as the peak
overpressure, rise time, boom level in various noise metrics and carpet width. Up to now (2009), no
study about the influence of combined sources of variability has been performed, but it is likely that
it would enlarge the statistical distribution of the above parameters. So one key, and yet unanswered
question, is to quantify globally the uncertainty in terms of boom level (whatever the metric) at the
ground related to atmospheric propagation. Finally, it is also to be noted that the importance of the
local "geography" of the observation point (like the nature of the ground, the presence of nearby
mountains, valleys, cliffs or street canyons) is also an unexplored source of uncertainty.

Figure 3 : Example of the sonic boom computational process. Starting from a given geometry (here one of the
configuration studied in HISAC - top left), a Euler CFD pressure field is computed at some extraction
cylinder (top right) and then "filtered" using the multipole approach (bottom left). This one is then used as
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an input for the propagation code down to the ground (bottom right). The last figure illustrates the
convergence of the ground result for various radii of extraction, ranging from 1 to 19 fuselage lengths
(figures are reproduced with permission from the PhD dissertation of F. Dagrau [xxi]).

Figure 4 : Example of a carpet : sonic boom recordings from an F16 (BoomFile database [iv] - 08/05/1987 12:04) - the numbers label 1) the recorders located perpendicular to the flight path, from the ground
trajectory (00) to the shadow zone (50 & 66), 2) the maximum overpressure in psf, 3) the rise time in ms. One
can see significant deviations from N wave (01 & 66), pressure and rise time fluctuations, or signal rounding
near the carpet edge and inside the shadow zone (50 & 52).
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Figure 5 : BoomFile database [iv]: correlation between CSEL (left) and ASEL (right) single noise event
metrics, versus peak overpressure (in dB). Circles indicate BoomFile "N" wave data, stars non "N" wave data,
thick lines best fit and thin lines best fit +-2.5 dB for CSEL and +-5 dB for ASEL.

1.1.1.3 Boom focusing: where to accelerate ?
Most of the studies on sonic boom prediction and low boom design focus on cruise conditions (note
however that because aircraft lightens as it burns out its fuel, it may continuously climb up as did
Concorde). However, before reaching its cruise speed, a supersonic has to accelerate and break the
sound barrier. During the transonic acceleration, a large scale focusing ("superboom") occurs,
because acoustical rays are not parallel any more at different emission times since the Mach cone
progressively closes up. Careful flight operations had to be carried out for Concorde en route from
UK and France to USA to avoid superbooming over South West England or North West France.
Recent numerical studies [xxii,xxiii] confirm flight tests [xxiv,xxv] showing a change in the
waveform from an "N" wave to a "U" wave with a boom amplification by a typical factor of about 3
to 4 for conventional booms (Figure 6) like Concorde's one. A statistical study [xxvi] quantifies for
one single flight scenario (the Concorde route from Paris to New York) the impact of this focusing
phenomenon, both in terms of amplitude and geographical location. In particular, it provides an
estimation of the total focusing area, including variations related to meteorology, of about 7500 km2.
Influence of the low boom design on superboom has still to be evaluated. While low boom design is
expected to have a beneficial impact also for focused booms, one cannot rule out today that
amplification remains (maybe with a smaller ratio) during acceleration. In case the superboom level
remains significantly above the cruise one for some (yet unknown) appropriate metric, the question
will be posed where to accelerate. While for coastal airports, overseas acceleration would be the
"simplest" answer (but sometimes at the cost of a fuel burning detour), the question remains open
for inland airports for which a subsonic detour over the seas would impair the benefit of supersonic
cruise. The question is all the more crucial for supersonic business jets: this kind of aircraft aims at
flexible operations on customer's request, on the contrary to passenger transport with predefined
routes that can be more easily optimized.
1.1.1.4 A continental-size issue
Another major and unescapable issue is the geographical extent of the primary sonic boom carpet.
Compared to airport noise where annoyance is limited to a relatively small area (though generally
densely populated) in the immediate airport neighborhood, the sonic boom noise of a single flight
of a single aircraft reaches very large surfaces. Based on a conservative assumption, the surface of
the primary carpet of a 3000 km (1600 nautical mile) supersonic flight would be of the order of
225,000 km2 (86,625 square mile). That would imply that in the mean around 6 750 000 people are
potential listeners of that single boom in the USA (mean density: 30 hab/km2), 24 400 000 people in
Europe (mean density: 104 hab/km2), 29 250 000 in China (mean density: 130 hab/km2). Only a
fraction of the population will notice that boom, and even a smaller fraction will be annoyed at
various degrees. As an example, by comparison with airport noise, we can estimate (in year 2005
[xxvii]) the total number of people highly annoyed by airport noise at 230 000 in the neighborhood
of Amsterdam-Schiphol airport (with 1180 flight movements per day in year 2004). A simple ratio
shows that only a very small percentage of the population over the carpet can be highly annoyed by
sonic boom if we require that a single supersonic aircraft annoys less people in an absolute value
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than a whole major airport. That ratio will be even smaller when considering annoyance per flight
movement.

Figure 6 : Example of the numerical simulation of the focusing of an "N" wave and its transformation into a
"U" wave.

1.1.1.5 Regulations and recommendations
As conventional sonic booms are known to be obtrusive to the public, this leads to very drastic
regulations concerning supersonic flight. Regulations in the United States since 1973 (US Code of
Federal Regulation 14 Part 91.817) assumes any and all sonic boom noise to be unacceptable and
currently prohibits i) civil aircraft from exceeding Mach 1 over US territory and ii) supersonic
operations to or from a US airport that would make any sonic boom reach the ground. Some other
countries have also issued some similar ban. Such very protective regulations date from the time
where Concorde was the only civil supersonic aircraft in service. At international level, the ICAO
resolution 33-7 (1998) aims at ensuring that no unacceptable situation for the public is created by
sonic boom from supersonic aircraft in commercial service. However, a less stringent criterion has
been proposed in 1974 by the US Environmental Protection Agency [xxviii]. Based on extrapolations
of outcomes of the Oklahoma survey [xxix] to lower booms, it recommended that a boom peak
pressure level should not exceed 35.91/sqrt(N) Pa, where N is the number of sonic booms per day.
Note that Concorde, when causing a sonic boom exceeding that level of 35.91 Pa (0.75 psf), aroused
a report from FAA [xxx] to the operating company. This EPA recommendation outlines the
importance of the frequency of occurrence of sonic booms in terms of acceptability. This is confirmed
by more recent community surveys [xxxi]. In general, poor correlation is observed between several
metrics (such as peak overpressure, ASEL or CSEL) and annoyance, and the best correlation is with
the number of booms perceived daily. This is important to take into account, as high adverse
reactions might be expected from people likely to be frequently exposed to even low level booms.
This arises the question whether the supersonic traffic (if any) should be made "homogeneous", with
the risk of touching a large percentage of population (for instance large cities), or on the contrary
"concentrated" over low populated "sonic boom corridors", at the risk of having a strong adverse
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reaction of a relatively small percentage of the population. This strong adverse effect will be
enhanced as people in such corridors live in a relatively quiet, undisturbed environment.
1.1.1.6 Human responses to sonic booms
1.1.1.6.1
Physiological response
Physiological responses of humans to sonic booms have been considered in the form of startle,
effects on the auditory system, and sleep interference. As the human auditory system is adapted to
respond to very small pressure fluctuations, concern arose about its sensitivity to intense sonic
booms. To investigate this, several experiments exposed test subjects to very intense impulsive
stimuli (up to about 100 psf (5000 Pa), 50 times Concorde typical boom) typical for a military fighter
flyover at very low altitude. No adverse effect, either on the tympanic membrane, aural pain or
hearing loss was noticed. Even high amplitude booms are much below any known threshold for
auditory response [xxxii]. It was concluded that the sonic boom can be disregarded as a threat to the
auditory system. Similar conclusions were drawn from French studies [xxxiii]. Startle is one of the
main components of adverse reaction to sonic booms. Startle effect can be measured through
muscular response. Some adaptation effect after exposure to repeated booms (4 sessions of 9 booms
each of 1.2 psf overpressure) could be observed, but muscular response nevertheless remained
higher than for the control group not exposed to booms [xxxiv].
Only preliminary results about the effect of simulated booms on sleep have been reported [xxxiv],
based on a few test subjects sleeping in a furnished bedroom with a sonic-boom simulator (filtered
by a window to simulate indoor boom). Boom effects were estimated through
electroencephalograms monitoring and indication of awakening by the subject himself. The results
indicate : a) more awakening (during first stages 1 and 2 of sleep) occurred for louder booms (1.6
and 2.1 psf) than for less loud ones (0.6 and 0.8 psf); b) some adaptation effect was observed for low
booms but not for loud ones; c) awakening was about the same for all booms during the REM stage
of the sleep (Rapid Eye Movement stage associated to dreams and occurring at the end of each sleep
cycle, about 90 to 110 minutes long each, repeated between 4 and 6 times every night. REM stage
consists of about 20 % of sleep time for adults, but up to 50% for infants). That last conclusion may
suggest that booms of very low intensity may be sufficient to awaken sleepers in the REM stage of
sleep; d) old subjects are more likely to be awakened by sonic booms than young ones. Note that for
night noise, World Health Organization [xxxv] recommends that individual noise events should not
exceed an indoor equivalent sound level of 45 dB LAmax - or equivalently SEL values of 55-60 dBA.
It points out that the intermittent character of the noise has to be taken into account. It also outlines
that special attention should be given to : i) noise sources in an environment with low background
noise level, ii) combination of noise and vibrations, iii) noise sources with low frequency
components. In such cases, sleep disturbances are noticed, even with a level much lower than
recommended values. As we will see below, sonic boom concerns all these three cases.
1.1.1.6.2
Loudness of outdoor booms
The reasons why a conventional sonic boom is considered annoying are now quite reasonably well
understood, following several community surveys [xxxi,xxix], laboratory studies [xxxvi], in home
studies [xxxvii] and recent low boom flight tests combined with psychoacoustical investigations
[xxxviii,xxxix]. Outdoor, conventional sonic boom is considered annoying first because of the startle
effect (which is a physiological effect, sometimes producing some uncontrolled movements) linked
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to the loud and sharp pressure jumps of the shocks. Laboratory studies show the highest correlation
between boom level and loudness or annoyance response for the Perceived Level (Mark VII [xl]) and
A-weighted Sound Exposure Level metrics. Perceived Level is especially shown to take into account
variability of the boom shape and its deviation from the N waveform. This confirms that the most
annoying part of the boom, in terms of loudness and maybe startle, is the shock, which contains the
high-frequency audible part of the boom spectrum. This is also in agreement with the fact that the
PL or ASEL metrics perform better than CSEL ([xxxvi]) in terms of correlation with loudness.

Figure 7 : Human reaction to sonic booms

1.1.1.6.3
Multiple effects of indoor booms
However, and at least for ways of life of developed countries, people spend most of their life time
indoor (for work, sleep, home work, social life...). Indoors, the direct audible noise from a sonic boom
may be reduced because of filtering by the building structure. However the damping rate may be
strongly dependent on the construction quality of the house (materials and thickness of the walls,
windows or roofs, height of the building, open or closed windows...). So, once again, this filtering
effect is an additional source of variability that remains quite unexplored. Note also that in some
particular conditions, indoor boom overpressure can be higher than outdoor because of special
conditions (for instance a room with an open window playing the role of a Helmholtz resonator with
a resonance frequency tuned to the sonic boom spectrum).
1. Vibrations and rattle
Furthermore the low frequency content of the sonic boom spectrum may induce vibrations (of the
walls, the windows, the furniture, etc.) that can be perceived directly (through visual and / or tactile
perception), or indirectly through rattle noise (indirect noise at audible frequency created by
nonlinear contact conditions of an object subject to high amplitude, low frequency vibrations - a
typical example is rattle from a window pane loosely fitted to its frame). It is known that this rattle
can be very annoying to some individuals. This combination of vibrations and rattle is the second
most frequent source of adverse reactions to conventional booms. Note that C-weighting may be
recommended for sound metrics for impulsive noises as it puts more weight to low frequency and
hence better takes into account the perception of vibrations and rattle.
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Concerning levels of vibrations, an ANSI standard [xli] recommends satisfactory vibration
magnitude with respect to human response in the 1 to 80 Hz range. Though this standard is mostly
conceived for continuous vibrations, some recommendations are provided for impulsive shock
excitations with three or less occurrences per day. The fact that the standard links the satisfactory
vibration level to the number of occurrence points out again the potential importance of the
frequency of boom occurrence. However, it should be noted that perception thresholds of vibrations
seems to be an undecided issue [xlii]. For instance, the base curve and design guidelines of the
former ISO standard (ISO 2631-2:1989 [xliii]) have been withdrawn from the latest version (ISO 26312:2003 [xliv]) that does not state on acceptable magnitudes of vibration. Nevertheless, whatever the
differences between these studies and most recent ones [xlv], the different criteria are all within the
range 5 to 20 mm/s2 of RMS acceleration for frequencies between 1 to 30 Hz corresponding to the
peak of sonic boom spectra. Taking into account the multiplying factor of 90 for impulsive shock
excitation with 3 or less occurrences per day of the ANSI standard in residential areas during day
time, this leads to levels of the order of 0.05 to 0.2g. Reported measured or simulated values for wall
vibrations induced by a 1 psf (49 Pa) conventional sonic boom [xlvi,xxxviii,xlvii,xlviii] are within the
range 0.1 to 0.35 g, comparable to that criteria. Given the fact that i) future aircraft are expected to
reach lower amplitudes with favorable boom shaping, and ii) boom induced floor vibrations might
be of smaller amplitude than wall ones, this leaves some possibility for low boom designed aircraft
to satisfy today's recommended thresholds. Vibration levels can be much higher for loosely mounted
windows [xxxviii] but, unless leaning against a window, a body perception is unlikely there.
On the other hand, the multiplying factor reduces to 1.4 for residential areas during night time, a
situation for which any foreseeable boom level will by far exceed any threshold. An even smaller
tolerance coefficient of 1 is given by ANSI standard for critical working areas (like operating rooms
in hospitals) but no boom acceleration data is available for such building type.
While window vibrations may not be perceived as such, they are a good candidate for rattle. A
suggested criterion for rattle threshold of 0.024 g [xlviii] is about 2 orders of magnitude smaller than
some of the recently observed values during flight tests. As a sonic boom from a civil aircraft will
anyway impact a wide area and a large number of constructions of unverifiable quality, there seems
to be no way to escape from a significant percentage of the overflown population hearing boominduced rattle noise. Hence, in case a future regulation authorizes supersonic overland flights of
whatever level, a large-scale educational process will be necessary to inform people that the induced
rattle is harmless to their homes.

2. Structural damages
A few surveys in UK [xlix], France [l] and USA [ii] report about complaints about damages suspected
to be caused by sonic booms. The most frequent compensated complaints are windows and glasses
breaking, damages (mostly cracks) to inner walls, ceilings and floors, and those to roofs and
chimneys. The US surveys indicate that no damage incident occurs for boom exposure below 0.8 psf
(40 Pa), and a number of damage incidents of about 1 per flight and per million people for larger
boom exposure, but studies in Europe range between 3 and 12 complaints per boom and per million
people. Comparisons [li,l] of the structural acceleration due either to sonic booms typical for
Concorde or to various disturbances have been performed. The general trend is that the mechanical
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effect of such a conventional boom is i) larger by about one magnitude order than most of the usual
disturbances (for instance air or road traffic); ii) comparable to the effect of some in-home
disturbances (such as a loud HI-FI sound system, a slamming door, a shoulder push or a person
jump); iii) smaller than the effect of wind with a mean velocity of 60 km/h; iv) one magnitude order
smaller than the value required for the structural breaking.
A special attention has been given to historical buildings, and especially to churches and damages
they could undergo through sonic boom exposure [l,xlix]. The conclusions are similar : comparison
with other environmental excitations (bell ringing, organ playing, road traffic, wind) again shows
the vibrations induced by a 100 Pa sonic boom are mostly one magnitude larger than those due to
the normal environment, except the loudest one (bell ringing) to which they are comparable. In all
cases, the levels of vibrations induced by sonic booms are well below (roughly 10%) the level that
would cause instantaneous damage. A fatigue test has been carried out on leaded-light windows
representative of French historical heritage and submitted inside a boom booth to repeated (10000)
loud booms (up to 500 Pa). The results of the study indicate a Concorde-type boom, even if repeated,
induces the same effects as normal daily wind and temperature variations. A scenario for damages
induced by sonic booms has been proposed [xlix], which outlines the role played by poor assembling
and/or maintenance of a structure. This quantitative study, inspecting 30 greenhouses exposed to
simulated booms produced by an explosive line-charge, indicates that a single sonic boom alone is
not sufficient to induce failure for normally maintained structures. However, its effect is not zero
and it adds to all environmental disturbances (human or natural such as wind) to damage poorly
maintained or poorly assembled structures.
As a conclusion, sonic booms of Concorde-type amplitude (100 Pa overpressure) mostly affect light
structures (windows, light ceilings or walls) with poor quality (assembling and/or maintenance),
which are close to failure. That conclusion will be all the more valid for a low-boom designed
aircraft, for which vibrational effects will be smaller and more comparable to those of other
environmental sources. However, compared to Concorde sonic boom, the smaller size of an SSBJ
will also imply a shift of the peak frequency to higher frequencies (from 4 to 10 Hz). As a
consequence, an SSBJ will affect different structural elements that have a higher resonance frequency
(for example smaller window panels). The few data about the probability of damages for standard
booms collected in the literature show a relatively large uncertainty, and extrapolation to low booms
is difficult because of the lack of long-term data about the impact of this kind of booms. If the result
of one US study indicating no damages for nominal booms less than 40 Pa is confirmed, it would
mean the structural effects from a low-boom designed aircraft would be a minor effect.
On the contrary, if we assume a value of 1 incident per flight and per million people (the lowest
value found in the literature, but for loud booms), with the same scenario as the one proposed for
human annoyance (see above), that would nevertheless imply a total of 6 to 7 incidents per flight
over USA, and 24 to 25 over Europe. In that case, the structural effects from a low-boom designed
aircraft would be a major adverse effect against acceptability of overland sonic boom. Between these
two extreme cases, and according to the knowledge from the present review, it is difficult to
conclude definitely about the level required for an acceptable overland sonic boom in terms of
structural damages and further research is needed.
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1.1.2 SOBER – Numerical and Laboratory-scale experimental Simulation of Sonic Boom
The objective of the SOBER project was to provide a comprehensive numerical modeling of sonic
boom atmospheric propagation, with special emphasis on:


focused boom (small geographical impact but highest amplitude),


sonic boom in shadow zone (low amplitude but potential impact over highly populated
coastal areas),


secondary boom (indirect effects only, but continental wide extent),

taking into account the meteorological variability of the atmosphere, both in the large scale (daily
variations) and in the small scale (turbulence of the atmosphere near the ground).
One main originality of the SOBER project was to combine advanced and intensive numerical
methods with specially designed experiments at the laboratory-scale, thus allowing a perfect control
of the relevant parameters and a scientifically sound validation of the theoretical and numerical
models.
The main results of the SOBER projects are the following.
1) The design of the most advanced (at the time) numerical software dedicated to the numerical
simulation of sonic boom, the only one able to simulate properly sonic boom focusing, shadow zone
penetration, absorption due to atmospheric humidity, ground or rough sea surface reflection, for
complex aircraft maneuvers and highly various meteorological conditions. Numerical simulations
outline unexpected situations: i) the usual sonic boom theory may in some cases be invalid laterally
because of strong upward or downward refraction, and ii) the influence of ground absorption
(porosity or roughness) turns out to be comparable to other absorption mechanisms in a significant
number of cases (see Figure 8).
2) A series of laboratory-scale experiments simulating sonic boom propagation either in a stratified
atmosphere, in focusing conditions, through turbulence or inside shadow zones. These experiments
especially demonstrate the key role of focusing in the random amplification of sonic boom due to
turbulence. Also, the modeling of sonic boom focusing due to aircraft maneuvers such as
acceleration or turn, can now be considered a solved problem with quantitative validation of the
theoretical model (see Figure 9).
3) A systematic statistical analysis associating the numerical software with a long-term
meteorological database covering various climates, provides an extensive view of sonic boom daily
variability due to meteorology. The main conclusion is that sonic boom variability remains low for
sonic boom right below a cruising aircraft, but is high for lateral boom or focused boom for an
accelerating aircraft. This variability concerns either geographical ground impact of sonic boom and
sound pressure levels (see Figure 10).
4) Secondary boom has been elucidated. Its amplitude level has been for the first time predicted in
agreement with observations, with distinct amplitudes depending on whether it is refracted at the
thermospheric or stratospheric level. Moreover, long durations of recorded secondary boom could
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be explained by multiple ray paths arising from 3D heterogeneities of the upper atmosphere, as
produced for instance by internal gravity waves (see Figure 11).
The SOBER project did not address at all directly the issue of sonic boom perception by human
populations. Moreover, it investigated only sonic booms produced by large size transport aircraft,
producing boom levels comparable to Concorde ones. No particular study was performed about
"low booms" as they are now deemed achievable 15 years after the end of SOBER. Nevertheless,
SOBER conclusions emphasized two key issues linked to sonic boom perception and sonic boom
regulation.
It emphasized the significant variability of sonic boom due to large scale atmospheric
conditions: for the same aircraft flying in the same conditions (Mach, altitude), boom levels reached
at the ground vary significantly because of different atmospheric conditions. A single, "ideal"
atmospheric state such as the standard ICAO atmosphere cannot be representative of this variability.
Such variability will have to be taken into account, for defining both an overland upper level and a
certification process. According to SOBER results, variability turned out to be much larger for lateral
booms than for undertrack booms.
It raised the issue of sonic boom focusing resulting from transonic acceleration that turns out
of to be much higher level in terms of peak overpressure, and also again much more variable relative
to the state of atmosphere compared to undertrack cruise boom. Boom focusing is all the more
important to deal with, as it occurs in off-design conditions at low supersonic Mach number, a case
for which low boom design may be less efficient in reducing boom levels. Moreover, new concepts
of so-called no-boom supersonic aircraft flying overland at a very low supersonic Mach number
(slightly above one), have since then been proposed. Indeed they correspond to the case where the
boom focusing occurs all over the supersonic flight path, but at a certain altitude above ground.
Ground level is then located in the shadow zone of such an intense focused boom, but vertical
distance between the ground and the focus is again highly variable, strongly dependent on
atmospheric conditions, flight parameters and topography.

Figure 8 : Example of SOBER numerical simulation of ground sonic boom from a supersonic transport
aircraft in cruise (15 km, Mach 2, heading Southward), ground humidity of 43.5%, barren land of finite
impedance. Left : maximum overpressure (Pa), Right : rise time (ms), as a function of the distance to ground
track (km). The meteorological data are such that the atmosphere is upward refracting on the eastern side
(negative distance) and downward refracting on the western side.
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Figure 9 : Experimental Bscan (pressure in color level, as function of time and distance to focus line) of one
period of the pressure field (a) and comparisons between the measured field (black solid line), linear
numerical simulation (red dashed line) and nonlinear numerical simulation (blue dotted line)(b). The
experiments are performed in a water tank with a 1:100,000 ratio scaling to sonic boom focusing.

Figure 10 : Frequency distribution of ground carpet width for 3 target areas (TA11 : mid-latitudes, TA21 :
tropical latitudes, TA41 : sub-polar latitudes) and two headings.
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Figure 11 : Impacts of boom rays on the ground, for profiles including internal gravity waves. The red dots
show the primary boom impacts (direct path from aircraft to ground), the blue dots show the direct
secondary boom impacts (upward emitted boom reflected in the upper atmosphere) and the black dots show
the indirect secondary sonic boom impacts (ground reflected primary boom).

1.2 Analysis of impulse noise standards in force in the Russian
Federation and abroad and their correlation with the preliminary
requirements for the boom level of civilian superjets
1.2.1 Introduction
Despite the fact that as early as the 1970s, flights of the first-generation civilian superjets were
launched (Tu-144, Concorde), the world community has not yet developed international standards
for permissible exposure limit of the superjet's sonic boom. On the one hand, this was due to the
complexity of this issue, since sonic boom differs significantly from other types of noise in terms of
propagation conditions, spectral characteristics, sound pressure level and, as a result, peculiarities
of human perception. On the other hand, the complexity of the issue of reducing the sonic boom of
the aircraft. This, in particular, led to the lack of real proposals for the creation of secondgeneration superjets with a reduced level of noise exposure for many years.
Noise is proved to have a negative (irritating) effect on a person, manifested not only in a decrease
in hearing, but also in violation of other physiological processes of the body, functions of the
cardiovascular and other systems. Around the world, much attention is paid to the problems of
standardization of the noise exposure to humans.
The basis of noise standardization is the study of the noise exposure and the evaluation of its
negative effects. Since people have individual physiological features, the standards are set on the
basis of average estimates characterizing a fairly massive effect of noise exposure. That is, as a rule,
there is always a certain percentage of the population, who are not satisfied with the established
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noise standards. In addition, one and the same noise level can have different levels of irritation
depending on the surrounding conditions, therefore noise standards are a whole system of values
of permissible noise levels depending on the place (territory) of noise standardization, time of day,
type of noise (its source), duration of noise exposure and other factors.
Due to the presence of some uncertainty in the level of negative impact of noise due to individual
physiological characteristics of people and a gradual increase in negative impact with increasing
noise levels (lack of clear threshold values), there are differences in the values of permissible noise
levels established by national standards in different countries.
The peculiarity of noise exposure standardization and noise emission level of noise sources is that
there are various ways to reduce noise exposure to people from the same noise source, such as
increasing the distance between the noise source and people location, installing the noise-absorbing
screens between the noise source and people, the use of individual means of protection against noise
by people, reducing the duration of exposure to noise, etc. And these methods are widely used in
practice both when planning residential buildings and when organizing work activities. That is, in
many cases, in order to comply with the normative values of the permissible level of noise exposure,
there is no urgent need to reduce the noise level at the source, and this can be achieved by taking
other measures. Therefore, around us, including in everyday life, there is a fairly large number of
sources with a high level of noise (exceeding the standard values of the permissible level of longterm noise exposure to people). For example, subway cars, internal combustion engines (used not
only in cars, motorcycles, but also, let's say, in garden machinery, mobile generators), various special
sound signals and alarms. And the standards of noise emission by these sources are set by taking
into account the duration of exposure and measures for reducing their impact on people, and may
even provide for the mandatory use of personal protective equipment.
Another important point is the aspect of certain voluntariness to noise exposure. That is, for some
places, increased levels of noise exposure may be allowed, but the presence of people in these places
is to a certain extent due to their voluntary choice. In other words, a person, taking into account the
possible level of noise exposure in combination with other conditions and benefits for
himself/herself, chooses a profession himself/herself, decides whether or not to go to a rock concert,
he/she himself/herself coordinates the time and duration of noise exposure with his/her rhythm life
or, conversely, has the ability to align his/her life rhythm with noise events, as well as to provide
any means of protection against them.
All of this is also characteristic of subsonic civil aviation, where the noise level of aircraft (at the
source) is very high, and the established certification requirements for the environmental noise level
of aircraft do not provide a standard level of noise exposure to humans in all conditions. In this
regard, there are various measures to reduce the exposure of aviation noise to people. This includes
soundproofing of passenger compartments, and the remoteness of buildings from the runway, and
the presence of sanitary zones around airports and along trajectories of take-off and landing with
restrictions on the construction of residential buildings, and many others, up to a ban on performing
flights at a certain time of day or over certain territories. Increased aircraft noise in residential areas
may be a factor in reducing the market value of housing.
The peculiarity of the noise exposure of a supersonic aircraft is that it cannot be confined to the
aerodrome area, as is typical of subsonic aircraft. A sound shock wave accompanies a supersonic
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aircraft during the entire cruising supersonic flight and exerts a sound effect of a sufficiently high
level over a wide area along the entire route, which practically excludes the possibility of preventing
this effect by arranging some appropriate sanitary zones. Consequently, the noise exposure of the
aircraft in supersonic flight ideally should not lead to a deterioration of the noise situation in the
settlements located along the flight route, in excess of the current hygienic standards.
However, the existing sanitary and hygienic standards for residential areas are developed mainly
on the basis of knowledge of people's reaction to the effects of noise, primarily transport noise,
typical for residential buildings, and their direct application to the impulse effect of sound impact
may not be entirely correct. At the same time, supersonic airplanes are not the only sources of
impulse sounds, which determines the presence of some hygienic standards or recommendations
therefor.
The task of this research is analysis of impulse noise standards in force in the Russian Federation
and abroad and their correlation with the preliminary requirements for the boom level of civilian
superjets.

1.2.2 The rules and regulations in force in the Russian Federation and abroad
regarding supersonic flights of civil aircraft and the sonic boom made hereby
The world community has not yet developed international standards for the permissible exposure
level of the sonic boom of a superjet, both due to the complexity of this problem and due to the
absence of a reason – the unacceptability of the sound level of first-generation supersonic airplanes
(Tu-144 and Concord) was obvious, but there has long been lack for real proposals for the creation
of second-generation aircraft with reduced noise exposure levels.
The lack of a pretext is the main reason that the legislation on flights of supersonic civil aircraft has
not been given particular attention for several decades, and it has remained largely unchanged since
the beginning of commercial exploitation of the first-generation supersonic aircraft (that is, 1970s).
1.2.2.1 International Civil Aviation Organization
The International Civil Aviation Organization (ICAO) has not imposed a direct ban on supersonic
flights, but in 1962 it did adopt Resolution A14-7: Technical and Economic Problems Related to the
Introduction into Commercial Service of Supersonic Aircraft, in which it called upon all
Governments associated with the development of civilian superjets to ensure that they did not create
noise in commercial operation that exceeded the level adopted for the operation of subsonic aircraft
and were able to operate without creating unacceptable situations for the public through sonic
boom.
In 1968, the Assembly of the ICAO adopted Resolution A16-4: Commercial Introduction of
supersonic aircraft – The problem of sonic boom, which confirmed the importance that the
commercial operation of supersonic aircraft would not create situations, conditioned by the sonic
boom, that are unacceptable to the public. The resolution also instructed the ICAO Council to revise
the Annexes to the Convention on International Civil Aviation and other relevant documents so that
they would take due account of the problems that can be caused by the operation of supersonic
aircraft, as well as take steps to reach an international agreement on the sonic boom measurement,
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qualitative and quantitative definition of "unacceptable situation for the public” and the
establishment of appropriate limits.
Subsequently, this resolution did not undergo significant changes and in 1998 at the 32nd Session of
the Assembly it was included in the Resolution A39-2: Consolidated statement of continuing ICAO
policies and practices related to environmental protection in the form of Annex G: Supersonic
aircraft – The problem of sonic boom. In this form, the Annex G has existed until today (resolution
A39-1 dated 2016). At the same time, no ICAO acceptability criteria of the sonic boom level have
been worked out.
Currently, in International Standards and Recommended Practices of ICAO, there are only a few
references to supersonic aircraft and supersonic flights, which are mostly non-fundamental in nature
(for example, in Annex 2: Flight Rules, supersonic flights are prohibited by the rules of visual flights
in the absence of a special permit). The only comprehensive document of ICAO in relation to
supersonic airplanes is Circular 126-AN/91: Guidance Material on SST Aircraft Operations
developed in 1975, which is referred to in some modern documents (for example, in Doc 8168:
Procedures for Air Navigation Services — Aircraft Operations (PANS-OPS).
Only within the framework of the 10th and current 11th cycles of the work of the Committee on
Aviation Environmental Protection (CAEP/10 and CAEP/11), can we say that ICAO’s activities to
develop standards for supersonic aircraft, including on acceptable sonic boom level, which was due
to the appearance of relatively real projects of second-generation supersonic airplanes with a low
sound impact level.
However, despite the early completion of the CAEP/11 cycle of work (in early 2019), the problem of
developing a sound impact standard is still very far from completion, which led to the revision of
the ICAO work schedule with the postponement of the planned deadline for the completion of the
standard for 2025.
So far, the final answer has not been found to any fundamental question: sound impact level metrics,
permissible metric values, measurement methods, principles and methods of aircraft certification.
As potential "candidates" for the role of a metric sound impact level are considered frequencycorrected sound exposure levels of ASEL, BSEL, DSEL, ESEL, the perceived level (PL) is determined
by the method of Stevens Mark VII, as well as the hybrid metric of annoying noise from indoor sonic
boom ISBAP (ISBAP = a0 + a1*PL + a2*(ASEL - CSEL)).
1.2.2.2 Russian Federation
In the USSR, supersonic flights of the passenger airplanes Tu-144 over the land were allowed. They
took place in 1977-1978 through flights between Moscow and Alma-Ata (once a week during the
daytime). It was a political decision, due, inter alia, to the limited transport capabilities of the Tu144 (range less than 4 thousand km).
In 1979, the USSR adopted standards on the permissible level of sonic boom in the form of GOST
23552-79, which made Tu-144 flying overland legitimate, but had a largely formal character. In
accordance with the resolution of the USSR State Statistics Committee, GOST 23552-79 came into
force in the second half of 1980, i.e. after the commercial operation of the Tu-144 was stopped, and
for another 2 years it was optional. In fact, GOST 23552-79 has never been applied and has never
been revised again, despite the fact that the permissible levels of sonic boom set thereby in terms of
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the maximum instantaneous overpressure of 90 ± 20 Pa (or 110 ± 20 Pa when gaining height with
acceleration) significantly exceeded the estimates of Soviet scientists existing at that time for sonic
boom level acceptable (up to 70-75 Pa). Obviously, there was no need to revise the standard due to
the cessation of commercial operation of the Tu-144 (and, soon, the full shutdown of the Tu-144
program). Today GOST 23552-79, though continues to be considered valid, but is not mandatory.
It should be noted that the prototype of GOST 23552-79 in terms of measurement techniques and
characteristics of sonic boom – the international standard ISO 2249 dated 1973 – in 1995 was canceled
without any replacement.
Modern Russian legislation does not contain a formal ban on flights of supersonic aircraft, but the
Air Code of the Russian Federation states: "The flight of an aircraft with a supersonic speed is
allowed at a height at which the dangerous impact of a sonic boom on the environment is excluded."
The Air Code also provides that rules for flying at supersonic speeds should be determined by
federal aviation regulations, but such rules have not been developed.
1.2.2.3 USA
In accordance with the 1958 Federal Aviation Law, the FAA was given the authority to regulate
aircraft noise. In 1970, in order to prevent the impact of sonic boom on the population, the FAA
prepared a proposal to introduce an amendment prohibiting supersonic flights of civilian aircraft in
the United States overland to the FAR-91: General Operating And Flight Rules. The preamble to the
proposal stated that the reason for the ban was the absence of any convincing results indicating the
exposure of sonic boom on the population and the environment and determining the permissible
level of sonic boom. After having been discussed, this proposal was adopted and published in 1973
(§91.55).
In the current edition of FAR-91 (14 CFR Part 91), this restriction is presented as clause (a) of the
paragraph 91.817 and Annex B to FAR-91 and states that no one in the United States can fly a civil
aircraft with a true Mach number exceeding 1, unless a special permit is issued in accordance with
the conditions and restrictions set out in Annex B (which, in fact, allows only experimental flights in
special air zones, with the guarantee that a sonic boom will not affect outside these zones).
In addition, in 1977, the FAA (after the start of operation of Concorde and taking into account this
experience) proposed a tightening of the previously adopted ban on supersonic flights, which in the
current version of FAR-91 is presented as clause (b) of paragraph 91.817. Its purport is that the
operators of supersonic civil aircraft flying to US airports should carry them out in such a way that
the shock wave arising outside the US would not reach the surface of the United States.
Since then, the content of paragraph 91.817 has not changed (except for its numbering), and the ban
on supersonic flights in the United States is still in effect.
Considering the increased interest in second-generation civilian superjets, including aircraft flying
in the Mach cutoff mode, the FAA published a special memorandum dated 29.02.2016, in which it
emphasized the effect of a ban for the civil aircraft to perform flights in the USA with speeds greater
than 1 Mach.
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1.2.2.4 European Union
In European countries, the system of legislation, including aviation, has undergone significant
changes due to the formation and development of the European Union.
To date, the Standardised European Rules of the Air (SERA), defined by the Commission
Implementing Regulation (EU) No 923/2012, and the general rules in the field of civil aviation,
defined by the Regulation (EC) No 216/2008 (including, including the basic requirements for
environmental protection – Article 6), do not contain any common EU prohibitions or rules for
performing supersonic flights, beyond the recommendations of ICAO.
Although it is known that earlier at the level of national legislation in some countries, supersonic
flights of civil aircraft were prohibited.
For example, in Germany, the Air Traffic Rules (Luftverkehrs-Ordnung - LuftVO), first published in
1963, began to include Paragraph 11a: Flüge mit Überschallgeschwindigkeit (Flying with supersonic
speeds), which prohibits civilian aircraft to perform flights with supersonic speeds (more than 1
Mach). And this paragraph persisted in LuftVO until 2015. Only in 2015, the German Air Traffic
Regulations were substantially revised in order to bring them in line with SERA (Regulation (EU)
No 923/2012), as a result of which Paragraph 11a disappeared from them. Thus, at present, the
German Air Traffic Regulations do not contain a direct ban on supersonic flights. Moreover, they
contain reservations regarding the SERA, which allow the German aviation authorities, if necessary,
to allow supersonic flight, if the sonic boom does not reach the ground.
In France, supersonic flights were banned within 20 nautical miles from the coast.
Indirectly, the attitude of the states of Europe to supersonic flights is characterized by the rules
developed in Europe for instrument flights that do not comply with the ICAO provisions for civil
and state aviation – EUROCONTROL Specifications for harmonized Rules for Operational Air
Traffic (OAT) under Instrument Flight Rules (IFR) inside controlled Airspace of the ECAC Area
(EUROAT). Basically, these are training flights of military and state aviation in ensuring the
formation of specific skills that go beyond civil aviation for crews and air traffic management
services. With regard to supersonic flights, the clause 2.3.4.2 of EUROAT states: supersonic flights
can be conducted only, if they are authorized by the relevant national authority upon prior
individual request and in accordance with the relevant national regulations. Moreover, these rules
of some countries are given in Annex 4 of EUROAT (Table 1.1).
1.2.2.5 Conclusions
1. During the period of creation and the start of operation of the first generation civilian superjets
-110 Pa or more than 130 dB) in a set cruising flight,
many countries of the world legally prohibited supersonic flights of civil aircraft over their
territories. They are preserved in the United States, and, in the EU, the general rules for ensuring air
traffic and operation do not contain any prohibitions or rules for the implementation of supersonic
flights common for the European Union, in addition to the ICAO's recommendations.
2. The ICAO did not impose a direct ban on supersonic flights, but adopted Resolution A14-7 as
early as 1962, in which it called on all Governments associated with the development of civilian
supersonic aircraft to ensure that they do not create noise in commercial operation that exceeds the
level adopted for the operation of subsonic jet aircraft, and had the opportunity to operate without
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creating unacceptable situations for the public because of the sound impact. This resolution has
actually been in effect until now, with no criteria for acceptability of the ICAO sound impact level
being worked out yet and no answers to a single fundamental question have been found: sound
impact level metrics, permissible metric values, measurement methods, principles and methods of
aircraft certification.
3. Permission of regular supersonic flights over the main land of the Soviet Union was largely of
political nature and concerned only Soviet airplanes Tu-144, it was practically realized during the
limited time period (less than 1 year) with the low frequency of flights (1 time a week). The high
noise level was mentioned as one of the reasons of termination of the programme Tu-144. The
standard about the sound impact level (GOST 23552-79) developed in the USSR was significantly of
formal character and was not used in practice, as it was brought into force after termination of Tu144 operation.
4. Lack of real proposals of civil supersonic airplanes of the second generation by the aircraft
building branch stipulated saving of the normative basis of supersonic flights created in 1970s,
practically without changes up to the present time. As there are no civil supersonic airplanes,
supersonic flights of military aviation are performed in specially designated areas of air space far
from settlements, as a rule, in order to prevent significant sound blast impact on the population.
Table 1: National rules for the performance of supersonic flights within the EUROAT


Country





Belgium

 The number of supersonic FLTs will be limited to those necessary for maintenance in
FLT tests of Belgian ACFT and those scheduled in the Belgian training syllabi for pilots.
Details are laid down in the BEL MIL AIP.

Rules

 Czech
Republic

 OAT-S (OAT – special) – A military OAT flight or its part requiring a segregation
(separation from other non-participating air traffic) or special handling. ATS services to
OAT-S flights are provided in accordance with the other than ICAO standards, rules, and
procedures (Allied Standards are applicable usually) by military ATS units (MAPP /
MTWR) or a military controlling unit (CRC) only.
 OAT-S flights: Air policing (Air Defence Flight); Air Combat Maneuvering (only
within ARES); AAR (special procedures within MARSA formation); Supersonic flights.
 OAT-S Supersonic flights can only be conducted under these conditions:
 – The minimum level for a climbing aircraft shall be at least FL 370,
 – The minimum level for a horizontal flight shall be at least FL 410,
 – The minimum level for a descending aircraft shall be at least FL 450.



 All supersonic flights by foreign military aircraft not permanently stationed in
Germany are prohibited within German airspace.
 Flights during which sonic speed is reached or exceeded are permitted from MON to
FRI between 0700++ and 1900++ only. These flights are prohibited between 1130++ and
1300++, unless imperative for operational reasons.
 Supersonic flights shall be scheduled in the flight order. Over the territory of the
Federal Republic of Germany, they shall only be performed with radar monitoring and
must be coordinated in advance with the radar-monitoring unit.
 The minimum flight levels for supersonic flights are
 – FL 360 over land,

Germany
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Country



Rules

 – FL 200 over sea, which are flights off the mainland coastline. Islands off German
coast of the North Sea and Baltic Sea with permanent connections to the main land are
regarded as land
 Supersonic flights over land below FL 360 are prohibited. They shall be performed
between FL 360 and FL 500 as level flights or climbs only. The flight path shall be planned
such that sonic booms will avoid densely populated areas whenever possible.
 Supersonic flights over sea below FL 200 are permitted only if the distance from the
coastline is at least 10 NM and the heading is towards the sea or, or in case of heading
parallel to the coastline or the offshore islands, a minimum of 35 NM is maintained.


Greece

 In addition, supersonic flights outside designated supersonic flight areas can only be
conducted by aircraft in level flight or in climb at FL 200 and above, after special
permission by the appropriate ATC unit.



Hungary

 Supersonic flights allowed above FL360 (11000m). For QRA(I) Alpha Scramble
supersonic flight is granted without any restriction.



Romania

 In Bucharest FIR, supersonic flights are prohibited below 10 000 m STD, except
Romanian or Allied Member States military flights conducted for fulfilling combat
missions.



Slovakia

 Supersonic Flights can only be conducted in the Slovak republic under these
conditions:
 – The minimum level for a climbing aircraft shall be at least FL 370,
 – The minimum level for a horizontal flight shall be at least FL 410,
 – The minimum level for a descending aircraft shall be at least FL 450.
 All supersonic flights shall be executed by 20.00 UTC.
 Air Defence Flights (Alpha Scramble) are allowed to depart from the rules defined in
2.3.4.
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1.2.3 General norms of noise on the ground, including impulse noise, operating in the
Russian Federation and abroad
Noise is one of the negative impact factors, the regulation of which is among environmental issues
and is a multifaceted problem. Standardization of noise exposure is carried out at different levels
and in different aspects, but the main purpose of such standardization is to ensure an acceptable
level of cumulative noise impact on a person in terms of his natural activity for a long period of time
(day, year), regardless of the types of noise sources and the nature of noise.
Achieving an acceptable level of human noise exposure is achieved by a set of measures, including:
–

standardization of noise emissions of noise sources (noise characteristics of technical products);

– standardization of the remoteness of the location of noise sources from people in order to reduce
noise exposure due to the natural absorption of sound by the atmosphere, the establishment of
sanitary protection zones;
–

use of special noise-absorbing screens and structures;

– rationing the sound insulation properties of structural elements of residential, public and
industrial buildings and structures;
–

control of the duration of the noise emission of various noise sources;

–

management of the duration of noise exposure to people, including through zoning;

– use of individual means of protection against noise by people.
All the measures listed above are subject to legislation and require the existence of an extensive
regulatory framework, coordinated both among themselves and with the regulatory framework
governing the land use, urban planning, transport and much more.
The regulatory framework in the field of noise has evolved with the formation of new knowledge
about the negative impact of noise and the experience of its standardization. For example, in Russia
at workplaces in industrial premises and on the territory of industrial enterprises in the 1960s, CH205-56 allowed a noise level of 90 dB; in the 1970s, SanPiN 785-69 set the standard to 85 dB; in the
second half of the 1980s, SN 3223-85 limited the noise level to 80 dB.
Different countries apply different approaches to noise standardization. For example, in Australia,
USA, noise standards are set independently by each state, and even some cities may have their own
noise standards, and noise standards developed by federal agencies (for example, the United States
Environmental Protection Agency - EPA) are, in fact, advisory in nature. In the Russian Federation,
on the contrary, noise standards are established at the federal level and are mandatory for
compliance in all subjects.
As a rule, there is a national top-level law that determines state policy regarding noise, which
establishes the requirement for standardization and monitoring noise, and lower-level regulations
that establish noise standards directly in different territories and under different conditions, taking
into account existing international standards for describing, measuring and noise estimates.
1. The problem of noise rationing is quite complex, due to the subjective and, to a certain extent,
individual perception of noise by people (which, in turn, creates uncertainty in people's reaction to
noise), the diversity of noise exposure conditions, the presence of historical features of the formation
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of residential areas, transport and industrial facilities, the need to take into account the level of
economic development and its capabilities to improve the noise situation. This determines the
presence of national and regional features in the existing noise standards, if there is a desire to
achieve the permissible noise levels recommended at the international and national levels, based on
the results of research in the field of acoustics and the negative impact of noise on humans.
The presence of national characteristics is also characteristic of the regulatory framework in the field
of noise, including the historical features of its formation. For example, the creation of the European
Union and the need to harmonize national legislation with European regulations have had a
significant impact on the regulatory framework of European countries. The normative base of Russia
was formed in many respects anew after the collapse of the USSR, but in many respects it inherited
the former regulatory base, and therefore sometimes includes duplicate documents.
The basis of Russian environmental legislation is the Federal Law "On Environmental Protection".
At the same time, in relation to the problem of environmental noise standardization, including
aircraft noise, four federal laws determine the basic principles and mechanisms of state regulation:
“On Sanitary and Epidemiological Well-Being of the Population”, “On Technical Regulation”, “On
Standardization in the Russian Federation” and the Air Code of the Russian Federation, which form
4 branches of legal documents regulating noise levels in one way or another, methods of measuring
it and assessments, methods for establishing conformity, technical characteristics of measuring
equipment, etc. (Fig. 2.4.1).
The status of each of these four branches of the regulatory framework is determined by federal laws,
namely:
 Sanitary and epidemiological rules (sanitary rules, sanitary norms, hygienic standards) establish uniform sanitary and epidemiological requirements, obligatory for all legal entities and
individuals, including the operation of transport and industrial-technical products. Sanitary and
epidemiological rules are priorities for compliance – all other regulations and standards should not
contradict sanitary and epidemiological rules.
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No. 7-FZ dated January 10, 2002
"On Environmental Protection"

No. 52-FZ dated March 30,
1999
"On the Sanitary and
Epidemiological Well-Being
of the Population"

No. 184-FZ dated
December 27, 2002
"On Technical Regulation"

No. 162-FZ dated June 29,
2015 "On Standardization
in the Russian Federation"

Sanitary and
epidemiological rules and
regulations

Technical
Regulations

Documents of the national
standardization system

No. 60-FZ dated March
19, 1997 "Air Code of the
Russian Federation"

Aviation
Rules

Requirements for environmental noise, incl. the aircraft noise
СН 22.4/2.1.8.562-96
СН 22.4/2.1.8.583-96
and others

There are currently
no technical
regulations on noise

GOST 22283-2014
GOST 23552-79
and others.

AR-21,
AR-36(AP)

Where possible, international standards
and recommendations of ISO, IEC,
ICAO, EAEU are taken into account.
- sanitary standards in accordance with the Federal Law are mandatory
and priorities for implementation should be taken into account in all other regulatory
documents.
- State Standards in accordance with the Federal Law are voluntary to
apply (unless otherwise provided by regulatory documents that are mandatory).

- technical and aviation
regulations are mandatory.

Figure 12: The structure of the Russian legislation in the field of regulation of noise on the ground

 Aviation rules are the federal regulations governing relations in the field of aviation, including
establishment of requirements for environmental protection from the effects of aviation activities.
Requirements of aviation regulations are mandatory for compliance by federal executive authorities,
executive authorities of the constituent entities of the Russian Federation, as well as legal entities
and individuals involved in the development, testing, mass production, acceptance and operation
of civil aircraft, aircraft engines, propellers.
 Technical regulations – they establish mandatory requirements for the application and execution
of technical regulation objects (products related to product design, production, construction,
installation, commissioning, operation, storage, transportation, sale and disposal). Product
requirements not included in technical regulations may not be binding. For the technical regulations,
the list of documents on standardization, containing the rules and methods of research (testing) and
estimation necessary for the application and execution of technical regulations and the
implementation thereof and conformity assessment must be approved.
 Documents of the national standardization system (GOST, GOST R, etc.) are applied on a
voluntary basis, unless otherwise provided by the legislation of the Russian Federation. In fact, the
obligation to apply national standards arises only if it is provided for by other regulatory documents
(for example, technical regulations, sanitary rules) or in the case of a public statement by the
manufacturer (performer) about the compliance of products with the national standard. Documents
of the national standardization system must comply with technical regulations and must not
contradict the regulatory legal acts of federal executive bodies, federal laws, and international
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treaties of the Russian Federation. The consistency of national standards with each other must also
be ensured.
Accounting for international standards (partially or fully) is provided for by federal laws in the
development of technical regulations and documents of the national standardization system,
unless the international standards are ineffective or inappropriate for the conditions of Russia.
The vastness of the regulatory framework and the presence of regional features makes it extremely
difficult to build a single line in relation to the rationing of noise in the world, given the variety of
existing standards and recommendations in the field of acoustics. Nevertheless, the analysis of the
regulatory framework allows us to draw a number of general conclusions regarding the rationing
of noise on the ground, including impulse noise.

37
1.2.3.1 International standards for noise assessment on the ground
Numerous studies have shown that, with the same equivalent sound level, different types of noise
can have unequal irritating effects on people. In this connection, Russian and international standards
in noise standardization and estimation require taking into account its features, such as impulse,
tonality, the presence of low frequencies, etc.
From the point of view of noise, sound impact from supersonic flight refers to impulse noise, and to
such a category as impulse noise of high energy, which also includes noise from explosions (when
the mass of TNT equivalent exceeds 50 g). For this type of noise, in addition to the very small pulse
duration of sound (less than 1 s) and a large pressure drop, a significant component of low-frequency
noise is also characteristic.
Impulse noise is more annoying than ordinary constant noise (for example, motor traffic). At the
same time, impulse noise is the most problematic from the point of view of a correct assessment of
its irritant effect and standardization. GOST 31296 (ISO 1996) “Noise. Description, measurement and
estimation of environmental noise" (parts 1 and 2) in relation to impulse noise has a number of
reservations and, basically, only recommendations for its assessment and rationing. In the general
case, for long-term prediction of annoying noise to take into account the characteristics of certain
types of noise, GOST 31296 suggests adding a corresponding dB correction to the sound level or
equivalent sound level (Table 2), which, if there are sources of high-impulse or regular impulse
noise, is 5-12 dB. At the same time, with respect to sources of high-energy impulse noise, GOST
31296 (ISO 1996) determines the need for specific approaches to the assessment and accounting of
its annoying effects.
Table 2: Typical corrections for the category of noise sources and time of day (GOST 31296.1-2005,
recommended Annex A)
Parameter taken
into account
Origin of noise

Noise source category or
Correction, dB
time of day
Road transport
0
Air transport
From 3 to 6 *
Railway transport
From -3 to -6
Industrial transport
0
Nature of the noise source
With regular impulse noise
5
With high-impulse noise
12
With high-energy impulse noise
Special approach
With a predominance of tones
From 3 to 6
Period of time
Evening
5
Night
10
Weekend
5
* - in the current edition of ISO 1996-1:2016, the range of correction values for air transport noise has been
increased to 5-8 dB.

Thus, for the assessment of high-energy impulse noise, GOST 31296.1-2005 (ISO 1996-1: 2016)
contains a special Annex B, which has the status of recommended (informational), which is based
on the results of a number of published scientific studies. In accordance with this annex:
– For high energy impulse noise sources, the main noise response is the C-corrected noise
exposure level of LCE.
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–

For each single audio event, the corrected (estimated) impact level of high-energy impulse noise

of LRE, dB, is calculated using the corrected C noise exposure level LCE, dB, using formulas (Figure

13):
LRE = 2LCE – 93 for LCE> 100 dB;
LRE = 1.18LCE – 11

for LCE < 100 dB.

Estimated noise
exposure level LRE, dB

for LCE > 100 dB;
dBO
for LCE < 100 dB.

C-corrected
noise exposure level LCE, dB

Figure 13: Estimated impact level of high-energy pulsed noise LRE as a function of the C-corrected noise
exposure level LCE (GOST 31296.1-2005, Annex B)

– To predict the equivalent level of exposure to transport noise LRE, dB, two related
alternative models can be used, designed to estimate the noise when shooting from small
arms and medium and heavy caliber artillery. The models are based on the loudness
function and are more sensitive to the noise spectrum than the frequency response A. The
calculation formulas of these models are as follows:


LRE = 1.40LCE – 0.92(LCFmax – LAFmax) – 21.9



LRE = LAE + 12 + 0.015(LCE – LAE)(LAE – 47)

In GOST 31296.1-2005 it is noted that the methods set forth in its Annex B, take into account
the irritating effects from the rattling of building elements caused by low-frequency noise.
The same sound level in different frequency bands is subjectively perceived by a person as
sound of different volume levels, therefore, when rationing noise, frequency corrections of
the sound level are used, based on curves of equal volume, set by the international standard
ISO 226 "Acoustics. Standard curves of equal loudness" (Figure 14).
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Sound pressure level, dB

back
grou
nd

Hearing threshold

Frequency, Hz

Figure 14: Standard curves of equal volume of pure tones when listening in a free sound field (according to
GOST R ISO 226-2009)

The peculiarity is that the type of frequency dependence of the sound volume changes depending
on the sound pressure level. The frequency correction scale A, which is most often used in noise
standardization, reflects curves of equal loudness in the region of low sound pressure levels.
Therefore, for high-energy impulse noise, GOST 31296 (ISO 1996) recommends using the C
frequency-correction scale, which reflects curves of equal loudness in areas of high sound pressure
levels (close to the pain threshold). At the same time, attention is drawn to the fact that GOST 31296
(ISO 1996) does not consider the sound impact level corrected on a scale C to be a sufficient measure
of the irritating effect of high-energy pulsed noise and offers formulas for calculating the estimated
impact level, which, as follows from Figure 13 is greater than the C-adjusted exposure level, and has
a steeper tendency to increase with along with sound pressure.
In the American standard ANSI S12.9-2005, which is similar to GOST 31296.1-2005, it is proposed,
based on the corrected (estimated) level of exposure to high-energy impulse noise LRE (Figure 13), to
determine the value of the corrected impact using the formula: N = 10 ^ [0.1 * (LRE - 94)] to further
summarize this magnitude of the impact with the effects of other noise sources and determine the
estimated level of Ldn as a general characteristic of environmental noise.
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1.2.3.2 General noise standards, including impulse, environmental and occupational
Given the lifestyle of people, the existing norms of noise exposure can be divided into two main
groups: noise standards at work (determining the permissible levels of noise exposure to workers
during working hours) and noise standards in residential areas, in residential and public buildings
(determining permissible levels of noise exposure to people when they are not engaged in
professional activities).
For residential areas, the presence of permanent sources of impulse noise (especially high energy) is
not typical; therefore, noise standards for residential development are usually limited to applying
appropriate impulse noise correction, as provided by the international standard ISO 1996 (GOST
31296).
Industrial noise in many cases is tonal or pulsed in nature, which determines more attention to the
standardization of impulse noise in workplaces. However, noise rates at workplaces are usually less
stringent than for residential areas, since noise exposure at workplaces is time limited and can be
further reduced by various measures, including by individual noise protection means. Nevertheless,
some of the noise standards at workplaces in relation to impulse noise are considered below in order
to expand the information base on the impulse noise standardization.
1.2.3.2.1
Recommendations of the World Health Organization
There are no uniform standards for the level of noise in the world. International practice is to
establish norms of noise, based on knowledge of the impact of different types of noise on the health
and well-being of people, as well as on the basis of the current level of the country's socio-economic
development and the associated level of technology development. In this regard, the rationing of
noise evolves from the first norms of the last century, which did not ensure the preservation of
people's health, to more stringent, target values of the norms, when noise would not cause noticeable
irritation in people.
The World Health Organization (WHO) in 1999 published the Guidelines for community noise
(Guidelines for Community Noise), which was supplemented in 2009 by the Night Noise Guidelines
for Europe. These documents contain a summary of the results of numerous studies of the negative
effects of noise on humans, including quantitative estimates of noise levels that lead to some of the
consequences of human exposure. This includes sanitary and hygienic noise standards for various
public and residential areas, which are recommended to be considered by states as target values of
their national noise reduction programs (Table 3 and Table 4).
Recommended noise standards are given for two indicators: the equivalent corrected noise level for
a certain base period of time LAeq, T and the maximum corrected noise level LAmax (with the “Fast”
sound level meter time characteristic) For LAeq, T, the duration of the base period T is also indicated.
When developing additional recommendations for Europe, the average nightly noise level outdoors
Lnight (similar to LAeq), adopted by the Directive 2002/49/EC of the European Parliament and of the
Council of 25 June 2002 relating to the assessment and management of environmental noise, was
considered.
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Table 3: Guidelines for the maximum permissible levels of noise on the ground and inside buildings for
various purposes, developed by the World Health Organization in 1999
Specific environment
(premises)

Critical health effect(s)
-

Outdoor living area

Pre-school bedrooms, indoors

Serious annoyance, daytime and evening
Moderate annoyance, daytime and evening
Speech intelligibility and moderate
annoyance, daytime and evening
Sleep disturbance, night-time
Sleep disturbance, window open (outdoor
values)
Speech intelligibility, disturbance of
information extraction, message
communication
Sleep disturbance

School, playground outdoor

Annoyance (external source)

55

Hospital, ward rooms, indoors

Sleep disturbance, night-time
Sleep disturbance, daytime and evenings
Interference with rest and recovery
Hearing impairment

30
30
#1
70

Dwelling, indoors
Inside bedrooms
Outside bedrooms
School class rooms and preschools,
indoors

Hospitals, treatment rooms,indoors
Industrial, commercial shopping and
traffic areas, indoors and outdoors
Ceremonies, festivals and
entertainment events
Public addresses, indoors and
outdoors
Music through headphones/
earphones
Impulse sounds from toys, fireworks
and firearms

LAeq Time
[dB] base
[hours]
55 16
50 16
35 16

LAFmax
[dB]

30
45

8
8

45
60

35

during
class

30

sleepingtime
during
play
8
16

45

24

110

–
–

–
40
–

Hearing impairment (patrons:<5 times/year) 100 4

110

Hearing impairment

85

1

110

Hearing impairment (free-field value)

1

110

Hearing impairment (adults)

85
#4
–

Hearing impairment (children)

–

140
#2
120
#2

Outdoors in parkland and
Disruption of tranquillity
#3
conservation areas
 #1: as low as possible ;
 #2: peak sound pressure (not LAmax, fast), measured 100 mm from the ear );
 #3: existing quiet outdoor areas should be preserved and the ratio of intruding noise to natural
background sound should be kept low ;
 #4: under headphones, adapted to free-field values .
Table 4: Recommended standards for nighttime noise in Europe, developed by the World Health
Organization in 2009
Recommended night noise level Lnight 40 dB
Intermediate target Lnight
55 dB

The WHO recommendations are based on known research findings on the effects of noise on
humans. For example, it is expected that most people will not experience hearing impairment with
prolonged exposure to noise at workplaces at the L level. Aeq, 8h ≤ 75 dBA. Also hearing impairment is
not expected, even with the lifetime exposure to ordinary noise (not in the workplace) at levels L Aeq,
24h ≤ 70 dBA. To avoid acute hearing loss, L Amax must always be below 110 dBA. To avoid mechanical
damage to the inner ear adults should never be exposed to sound pressure of more than 140 dB. At
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the same time the manual notes that the effect of noise on a person is not limited to issues of hearing
loss. Noise can have a negative impact on human health in other aspects, as well as cause a number
of negative social and psychological effects. For example, it is believed that noise above 80 dBA can
increase people's aggressive behavior and reduce their willingness to help. Moreover, the level of
irritation from noise depends not only on the characteristics of the noise as such, but also on a
combination of other non-acoustic factors, including economic ones. All this complicates the noise
rationing system and requires taking into account the annoying effects of noise in various
conditions. Therefore, the WHO-recommended levels of equivalent noise L Aeq for residential areas
do not exceed 55 dBA.
In cases where there are no clear reasons for using other measures, the WHO recommends using an
equivalent sound pressure level to estimate more or less constant ambient noise L Aeq, T . In most
cases L Aeq, 24h and L dn are noise characteristics that acceptably reflect the level of annoyance. If noise
mainly consists of a small number of discrete events, the WHO recommends additionally using L
Amax or SEL. The WHO recommends measuring sound pressure levels using the temporal
characteristic of the sound level meter F (fast), which is more comparable with the processes
characteristic of human hearing.
For impulse noise, the WHO states that its assessment may require the use of more specialized
methods. So, if measuring very short pulses using the time constant F (fast) gives incorrect results,
it is necessary to use a sound level meter with a shorter averaging time.
For pulsed sounds it is often desirable to measure the instantaneous amplitude of peak pressure to
assess the potential risk of hearing damage, including injury. If the actual instantaneous pressure
cannot be determined, an integrated “peak” level should be used with a time constant of no more
than 0.05 ms.
Studies have shown that to assess the perceived loudness of complex impulse sounds, such as, for
example, those from larger and smaller types of weapons, measuring the sound effects of SEL with
frequency correction on the scale A, the results are not satisfactory. The sound impact of impulse
sounds with frequency correction on scale C was considered acceptable. With the use of the C scale
or without frequency correction measurements of the sound pressure peaks are taken.
The response of people to noise is enhanced when the noise is pulsed, accompanied by vibrations
and contains low-frequency components. In addition, impulse noise phenomena (for example,
sound shocks) can lead to disastrous consequences as a result of people's fright. Unfortunately, the
WHO manual states that, at the time of its writing, there was no consensus on a model that would
uniquely determine the level of stimulation from impulsive sounds and from a combination of
various noise sources.
Therefore, among the quantitative recommendations on the noise level in the WHO manual for
pulsed noise, only the limiting value of the instantaneous peak pressure is given, based on the
possible hearing loss (ear injury), which is 140 dB (200 Pa) for adults and 120 dB (20 Pa) for children
(measured at a distance of 100 mm from the ear).
It should be noted that with recommendations from the WHO and other organizations and research
centers the establishment of normative values for permissible noise is the prerogative of the national
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executive authorities, which sometimes falls within the competence of the authorities of the
administrative-territorial units of the state (such as in the United States, Australia, Canada).
1.2.3.2.2
Russian noise standards
As noted, in Russia there is a sufficiently large number of regulatory documents relating to
environmental issues, the priority in terms of setting noise standards in general being the sanitary
and epidemiological rules (sanitary rules and norms, hygienic standards). In accordance with the
federal law, all other regulations must not contradict sanitary and epidemiological rules.
An earlier analysis of the regulatory framework, taking into account the explanations of the Federal
Service for Consumer Rights and Human Welfare Protection, determined that today in the Russian
Federation the general noise standards in the residential areas and in public buildings are
established by sanitary norms SN 2.2.4/2.1.8.562-96, at workplaces - by sanitary and epidemiological
rules and regulations of SanPiN 2.2.4.3359-16.
The sanitary standards SN 2.2.4/2.1.8.562-96 “Noise at workplaces, in premises of residential, public
buildings and in residential areas” establish a system of requirements for noise level depending on
the purpose of premises and territories, time of the day and nature of noise. It is assumed that the
established permissible noise level is the level that does not cause a person to significant anxiety and
changes in the indicators of the functional state of systems and analyzers that are sensitive to noise.
As the normalized parameters in SN 2.2.4/2.1.8.562-96 there are used:
– For intermittent noise - equivalent (in energy) sound levels L Aekv (dBA) and maximum sound
levels L Amax (dBA) Excess of any of these parameters is considered as non-compliance with sanitary
norms.
– For constant noise - sound pressure levels L (in dB) in octave bands with geometric mean
frequencies from 31.5 Hz to 8000 Hz. For a rough estimate, instead of pressures in octave bands, the
sound level L А in dBa is allowed.
Measurements of sound levels (L A , L Aekv , L Amax ) are provided for when the temporal characteristic
of the sound level meter is S (slow).
The permissible noise levels established by sanitary standards in residential and public buildings
and in residential areas are given in Table 5. Allowable noise levels from external sources in the
premises are established subject to the provision of regulatory ventilation of the premises (for
residential premises, wards, classes - with open windows, transoms, narrow casement windows).
Table 5: Permissible sound pressure levels, sound levels, equivalent and maximum sound levels of
penetrating noise in rooms of residential and public buildings and noise in residential areas (SN
2.2.4/2.1.8.562-96)
N Purpose of premises
пп or territories

Time Sound pressure levels, dB, in octave
of the bands with geometric average
day frequencies
31.5 63 125 250 500 1
2
4
8
Hz Hz Hz Hz Hz kHz kHz kHz kHz

1 Wards of hospitals and sanatoriums,
operating surgeries

7 to
23

76

59 48

40 34 30

27 25

23

LА
LAmax,
and dBa
LАekv,
dBa
35

50
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N Purpose of premises
пп or territories

Time Sound pressure levels, dB, in octave
of the bands with geometric average
day frequencies
31.5 63 125 250 500 1
2
4
8
Hz Hz Hz Hz Hz kHz kHz kHz kHz

2 Clinics, outpatient clinics, dispensaries,
hospitals, sanatoriums
3 Classrooms, training rooms, teacher's
rooms, classrooms at schools and other
educational institutions, conference rooms,
reading rooms at libraries
4 Living apartments , living quarters of
holiday homes, boarding houses, boarding
houses for the elderly and disabled,
sleeping quarters in kindergartens and
boarding schools
5 Hotel rooms and dormitory rooms

LА
LAmax,
and dBa
LАekv,
dBa

from 69
23
to 7
76

51 39

31 24 20

17 14

13

25

40

59 48

40 34 30

27 25

23

35

50

79

63 52

45 39 35

32 30

28

40

55

79

63 52

45 39 35

32 30

28

40

55

72

55 44

35 29 25

22 20

18

30

45

83

67 57

49 44 40

37 35

33

45

60

76

59 48

40 34 30

27 25

23

35

50

90
93

75 66
79 70

59 54 50
63 59 55

47 45
53 51

44
49

55
60

70
75

83

67 57

49 44 40

37 35

33

45

60

76

59 48

40 34 30

27 25

23

35

50

90

75 66

59 54 50

47 45

44

55

70

83

67 57

49 44 40

37 35

33

45

60

93

79 70

63 59 55

53 51

49

60

75

86

71 61

54 49 45

42 40

39

50

65

76

59 48

40 34 30

27 25

23

35

50

83

67 57

49 44 40

37 35

33

45

60

7 to
23
from
23
to 7
7 to
23
from
23
to 7

6 Halls of cafes, restaurants, canteens
7 Shopping halls, passenger halls of airports
and railway stations, reception points of
consumer services
8 Territories immediately adjacent to hospital 7 to
and sanatorium buildings
23
from
23
to 7
9 Territories directly adjacent to
7 to
residential buildings , polyclinic buildings, 23
outpatient clinics, health centers, rest
from
homes, boarding houses, boarding schools 23
for the elderly and disabled, preschool
to 7
institutions, schools and other educational
institutions, libraries
10 Territories directly adjacent to the buildings 7 to
of hotels and hostels
23
From
23
to 7
11 Recreation areas on the territories of
hospitals and sanatoriums
12 Recreation sites on the territory of microdistricts and groups of houses, rest
houses, boarding houses, boarding houses
for the elderly and disabled, playgrounds
for pre-school institutions, schools and
other educational institutions
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Based on SN2.2.4/2.1.8.562-96, the most stringent requirements for noise in residential areas are those
for recreation areas in hospitals and sanatoriums, where even during daytime the equivalent sound
level should not exceed 35 dBA and the maximum - 50 dBA. The highest values of permissible
daytime noise are allowed for the territories immediately adjacent to the buildings of hotels and
hostels, and they are 60 dBA and 75 dBA, respectively, for equivalent and maximum sound levels.
As for impulse noise, some of its varieties in SN 2.2.4/2.1.8.562-96 are provided by the stipulated
amendments to the maximum permissible values. Thus, for impulse noise, the maximum
permissible values are set to 5 dBA below those specified in Table 5. The same amendment is applied
to tonal noise and noise generated in rooms and buildings by air conditioning systems, air heating
and ventilation.
Noise standards in the workplace in the Russian Federation are established by SanPiN 2.2.4.3359-16
(which have priority over previously issued sanitary and epidemiological requirements for physical
factors at workplaces). Rated noise indicators are:
– equivalent sound level A per shift, L p, Aeq, 8h , dBA, measured or calculated for an 8-hour work
shift, with allowance for impulse and tonal noise equal to 5 dBA;
– maximum sound levels A, L p, Amax , dBA, measured at a given time interval with averaging time
constants S (slow) and I (impulse, 0.04 s).
– peak sound level C, L p, Cpeak , dBs
Exceeding any standardized parameter is considered an excess of the maximum permissible level
(hygienic standard of exposure).
The standard (maximum allowable) equivalent sound level at workplaces is established by SanPiN
2.2.4.3359-16 at 80 dBA; and it also provides for more stringent requirements for working in higher
categories of tension and severity. At the same time, for certain sectors (sub-sectors) of the economy,
an equivalent level of noise at workplaces from 80 to 85 dBA is allowed, provided that the acceptable
health risk of the workers is confirmed and a set of measures aimed at minimizing the health risks
of the workers is taken. Works in conditions of exposure to an equivalent noise level above 85 dBA
are not allowed. With a shortened working day (less than 40 hours per week) the maximum
permissible levels are applied without change.
Maximum sound levels A, measured with time corrections S and I, should not exceed 110 dBA and
125 dBA, respectively. Peak sound level C should not exceed 137 dBs.
That is, when normalizing impulse noise at workplaces, in addition to the correction of 5 dBA to the
equivalent sound level (as provided for in SN 2.2.4/2.1.8.562-96 and in GOST 31296.1-2005 or ISO
1996-1:2016), the norm of the peak sound level, corrected on a scale C, and the maximum sound
level, corrected on a scale A and measured with the time characteristic of the sound level meter I
(pulse) are established. It should be noted that at the present stage the world community believes
that measurements with time response I do not sufficiently satisfactorily characterize impulse
sounds, and it was excluded from the list of standards (GOST 17187-2010).
Comparing the recommendations of the World Health Organization with the current Russian
sanitary noise standards (Table 6), it can be said that they are very similar and, practically, the same
with respect to noise in residential premises and in areas adjacent to residential buildings. It should
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be remembered that the individual sound level values from the WHO recommendations are
ultimate values based on a possible impairment or loss of hearing, and do not take into account the
annoying effect. This, for example, fully applies to L Amax = 110 dBA, which explains the lower
allowable values in the Russian norms for public places, but in the workplaces the Russian norms
correspond to the WHO recommendations on this parameter. The Russian standards are also similar
to the WHO recommendations for the maximum permissible peak sound pressure level, which
characterizes impulse sounds - 137 dBS and 140 dB, respectively.
For sound impact, a significant component of its energy being located in the low-frequency region,
the norms of infrasound, established in Russia by the sanitary norms SN 2.2.4 / 2.1.8.583-96, are of
interest. For noise in the residential area, its range covering the infrasonic and audible ranges, these
standards are additional to the norms SN 2.2.4/2.1.8.562-96.
The characteristics normalized in SN 2.2.4/2.1.8.583-96 are the sound pressure levels in octave bands
with geometric average frequencies of 2, 4, 8, and 16 Hz and the total sound pressure level (for
intermittent infrasound they are the energy equivalent sound pressure levels). The maximum
permissible levels of infrasound established by SN 2.2.4/2.1.8.583-96 are given in
Table 7. For oscillating in time and intermittent infrasound sound pressure levels should not exceed
120 dB (lin).
Table 6: Comparison of permissible noise levels in Russia with the WHO recommendations
Purpose of territories, premises

Equivalent level
of sound, dBa
Daytime
Night
WHO RF
WHO RF
Hospital and sanatorium wards
30
35
30
25
Living apartments
35
40
30
30
Territories adjacent to residential buildings 50-55 55
45
45
Playgrounds, schools
55
45
Sleeping facilities in preschool
establishments
30
40
30
30
School classrooms
35
40
Commercial and public institutions
(inside)
70-85 55-60
Peak sound pressure:
WHO – max 140 dB(lin) (120 dB for children);
RF – max 137 dBS.

Maximum level
of sound, dBa
Daytime
Night
WHO RF
WHO
50
40
45
55
60
70
60
45

55
55

110

70-75

45

RF
40
45
60

45

47

Table 7: Maximum permissible levels of infrasound (SN 2.2.4 / 2.1.8.583-96)
Sound pressure levels, dB, in octave bands with
geometric average frequencies
2 Hz
4 Hz
8 Hz
16 Hz
Territory of residential buildings 90
85
80
75
Premises of residential and
75
70
65
60
public buildings

1.2.3.2.3

General sound
level
pressure, dB
90
75

Foreign noise standards

1.2.3.2.3.1
Europe
In Europe most countries belong to the European Union and the European Economic Area, but at
the same time, the norms for the level of noise on the ground are set by each state independently.
This is evidenced by Article 5 of the European Directive on the Assessment and Management of
Noise Pollution of the Environment (Directive 2002/49/EU of the European Parliament and of the
Council of 25 June 2002 relating to the assessment and management of environmental noise), which
establishes common indicators of noise for EU members (L den and L night ) and obliges the member
states to report to the European Commission on the maximum noise values established in these
countries, expressed in the established indicators. That is, the European Commission did not
establish uniform noise standards, but made efforts to uniformity of national standards and their
monitoring, which may in the future allow for the EU to switch to uniform noise standards.
At the same time, the directive 2003/10/EU (Directive 2003/10/EU of The European Parliament and
of The Council of 6 February 2003 on the minimum health and safety requirements regarding the
exposure of workers to the risks arising from physical agents (noise)) establishes minimum
requirements for the permissible impact of noise on workers (Article 3) and requires that national
regulations be brought into conformity with them (Article 17). The directive addresses three levels
of noise requirements: "exposure limit values", "upper exposure action values" and "lower exposure
action values", which are characterized as follows:
– "exposure limit values" is the limit level of exposure, which should not be achieved to avoid
irreversible damage to the ear of the employee;
– “upper exposure action values” is the upper level of exposure, the excess of which requires the
use of personal noise protection by employees and requires the employer to take measures to reduce
noise;
– “lower exposure action values” is a lower level of exposure, the excess of which requires the
employer to provide employees with individual means of protection against noise, informing them
of potential risks and ensuring their medical control.
Impact level is governed by the average noise exposure level L EX, 8h for an 8-hour working day (in
dBA) and instantaneous peak sound pressure , adjusted on scale C. The average level of noise exposure
for an 8-hour working day should take into account all the noise that occurred, including impulse
noise. The noise standards established by Article 3 of the current edition of Directive 2003/10/EU are
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given in Table 8. As can be seen from the table, European standards are consistent with Russian
noise standards in the workplace.
Table 8: Minimum requirements for the permissible noise exposure of workers in the European Union
(Directive 2003/10/EU)
LEX,8h,
dBA
Exposure limit values
87
Upper exposure action values 85
Lower exposure action values 80

ppeak,
Pa dBC
200 140
140 137
112 135

Below are the norms of noise on the ground for some countries in Europe (from open sources):
 Portugal
In 1987 a law on the environment and the first code of laws on noise (Portuguese Noise Code) were
passed, which, in particular, determined the maximum noise level by the parameter L A50 at 65 dBA
during the day for territories suitable for housing construction without restrictions. In 2000 a second
code of laws on noise was adopted, which introduced a new parameter for rationing noise on the
ground - L Aeq and tightened the rules. In accordance with it, “sensitive” territories (residential
buildings, hospitals, schools, religious buildings) were set to L Aeq of 55 dBA during the day and 45
dBA at night, “mixed” territories (where residential buildings coexist with lands of other use) - to
65 dBA during the day and 55 dBA at night.
In 2006, in accordance with the European directive, Portuguese legislation determined to switch to
noise indicators L den and L night . Accordingly, in 2007 there was a new legislation on noise, which
established the standards presented in Table 9.
Table 9: Noise levels in Portugal (2007)
Form of Occupancy
Mixed Zone
Sensitive Zone
Sensitive Zone close to an existent major transportation
infrastructure
Sensitive Zone close to a major transportation infrastructure
during design stage (not valid for airports)
Sensitive Zone close to a major airport infrastructure during
design stage
Non classified zones

Full day period
(0 h – 24 h)
Lden = 65 dB(A)
Lden = 55 dB(A)
Lden = 65 dB(A)

Nighttime period
(23 h – 7 h)
Ln = 55 dB(A)
Ln = 45 dB(A)
Ln = 55 dB(A)

Lden = 60 dB(A)

Ln = 50 dB(A)

Lden = 65 dB(A)

Ln = 55 dB(A)

Lden = 63 dB(A)

Ln = 53 dB(A)

 Italy
Noise in Italy is regulated by a number of regulations, including the 1995 Framework Noise
Pollution Act (L. 26 ottobre 1995, n. 447. - Legge quadro sull'inquinamento acustico) establishing the
fundamental principles of protecting the environment from noise pollution in accordance with the
Constitution of Italy. For residential areas, it provides four categories of values for noise norms:
– maximum noise emission values (valori limite di emissione) are the maximum values of noise
that can be produced by a sound source, measured near the source itself;
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– maximum noise exposure values (valori limite di immissione) are the maximum values of noise
exposure from one or several sound sources, measured near the objects of impact (receptors);
– values that need attention (valori di attenzione) are noise values at which there is a potential risk
to the environment or human health;
– quality target values (valori di qualità) are noise values that must be achieved in the short or
long term using available technologies and methods to achieve the objectives of this law.
At the present stage these norms are established for day time (06.00-22.00) and night time (22.0006.00) by the normative act “Determination of maximum values of sound sources” 1997 (DPCM 14
novembre 1997. - Determinazione dei valori limite delle sorgenti sonore). 6 classes of territories are
considered (Table 10):
Table 10: Norms of noise on the ground in Italy (2012)
Classi di destinazione Valori limite di emissione –
d'uso del territorio
Leq in dB(A)
(territory classes)
(noise emission limits)
Diurno
Notturno
(daytime)
(at night)
Classe I
45
35
Classe II
50
40
Classe III
55
45
Classe IV
60
50
Classe V
65
55
Classe VI
65
65

Valori limite assoluti di
immissione – Leq in dB(A)
(noise exposure limits)
Diurno
Notturno
(daytime)
(at night)
50
40
55
45
60
50
65
55
70
60
70
70

Valori di qualità – Leq in
dB(A)
(target quality values)
Diurno
Notturno
(daytime) (at night)
47
37
52
42
57
47
62
52
67
57
70
70

– Class I - specially protected areas (aree particolarmente protette) - areas where silence is the main
factor: hospitals, schools, recreational facilities, rural residential areas, public parks, etc.
– Class II - areas intended mainly for residential development (aree destinate ad uso
prevalentemente residenziale) - urban areas with low population density, with limited commercial
presence and lack of industrial activity, without main highways.
– Class III - mixed areas (aree di tipo misto) - urban areas with an average population density,
with the presence of commercial activities, offices and lack of industrial activity; rural areas with
activities of machines.
– Class IV - areas of intensive human activity (aree di intensa attività umana) - urban areas with a
high population density, with a high presence of commercial activities and offices, with the presence
of handicrafts; with heavy traffic, areas near highways and railways; port areas.
–

Class V - predominantly industrial areas (aree prevalentemente industriali).

– Class VI - exclusively industrial areas (aree esclusivamente industriali) - without residential
buildings.
Regarding impulse noise, the previously adopted regulatory act “Maximum exposure limits for
noise in residential and external environments” (D.P.C.M. 1 marzo 1991. - Limiti massimi di
esposizione al rumore negli ambienti abitativi e nell'ambiente esterno) determines that in case of
housing areas impulse noise measured value L Aeq must be increased by 3 dBA. The same correction
values are defined for tonal and low frequency noise (D.M. 16 marzo 1998. - Tecniche di rilevamento
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e di misurazione dell'inquinamento acustico). With the simultaneous presence of pulsed and tonal
noise the measured value of L Aeq should be increased by 6 dBA.
 Germany
For residential areas, permissible levels of noise exposure are given in Section 6 of the Sixth General
Administrative Provision to Federal Environmental Protection Act, otherwise referred to as
Technical Guidelines for the Protection of Noise Protection (Sechste Allgemeine
Verwaltungsvorschrift zum Bundes-Immissionsschutzgesetz (Technische Anleitung zum Schutz
gegen Lärm - TA Lärm)). Rates are for an estimated exposure level L R , which is the equivalent noise
level L Aeq taking into account the necessary corrections associated with the peculiarities of noise
(tone, impulse, time of day, etc.). Also, when normalizing the maximum sound levels we consider L
AFmax , which in TA Lärm are called peak noise. Norms of the impact level are given in Table 11 for
daytime (tags) from 6 h to 22 h and for night time (nachts) from 22 h to 6 h.
Estimated noise level values L R presented in table assume that in the presence of impulse noise, the
corresponding correction is added to the measurement results (estimates) in accordance with the
annex to the TA Lärm (Ermittlung der Geräuschimmissionen). For calculated (predicted) noise
levels a correction for impulse noise of 3-6 dB is provided. In the case of measurements, if the
estimated noise contains pulses for a certain time, the impulse noise correction value for this time
period is defined as the difference between L AFTeq and L Aeq, where L AFTe is average sound pressure
level for the considered period of time, determined on the basis of maximum sound levels L AFmax (t)
for time cycles of 5 seconds.
Estimated noise level values L R presented in table assume that in the presence of impulse noise, the
corresponding correction is added to the measurement results (estimates) in accordance with the
annex to the TA Lärm (Ermittlung der Geräuschimmissionen). For calculated (predicted) noise
levels a correction for impulse noise of 3-6 dB is provided. In the case of measurements, if the
estimated noise contains pulses for a certain time, the impulse noise correction value for this time
period is defined as the difference between L AFTeq and L Aeq, where L AFTe is average sound pressure
level for the considered period of time, determined on the basis of maximum sound levels L AFmax (t)
for time cycles of 5 seconds.
Table 11: Noise levels in Germany in accordance with TA Lärm (2017)
Arten von Gelände
(area type)

a) in Industriegebieten
(industrial regions)
b) in Gewerbegebieten
(handicraft regions)
c) in urbanen Gebieten
(urban regions)
d) in Kerngebieten,
Dorfgebieten und

Immissionsrichtwerte für
Immissionsorte außerhalb
von Gebäuden
(exposure levels outside
buildings)
LR, dB(A)
LAFmax, dB(A)
tags nachts tags nachts

Immissionsrichtwerte für
Immissionsorte innerhalb
von Gebäuden
(exposure levels inside
buildings)
LR, dB(A)
LAFmax, dB(A)
tags nachts tags nachts

Immissionsrichtwerte für
seltene Ereignisse
(exposure levels for rare
events)

70

35

25

45

35

70

55

100

LR, dB(A) LAFmax, dB(A)
tags nachts tags nachts

65

50

95

70

35

25

45

35

70

55

95

70

63

45

93

65

35

25

45

35

70

55

90

65

60

45

90

65

35

25

45

35

70

55

90

65
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Arten von Gelände
(area type)

Immissionsrichtwerte für
Immissionsorte außerhalb
von Gebäuden
(exposure levels outside
buildings)
LR, dB(A)
LAFmax, dB(A)
tags nachts tags nachts

Mischgebieten (rural and
mixed regions)
e) in allgemeinen
Wohngebieten und
Kleinsiedlungsgebieten
55
(general residential
regions and small
settlements)
f) in reinen Wohngebieten
50
(residential areas only)
g) in Kurgebieten, für
Krankenhäuser und
45
Pflegeanstalten (health
resorts, medicval facilities)

Immissionsrichtwerte für
Immissionsorte innerhalb
von Gebäuden
(exposure levels inside
buildings)
LR, dB(A)
LAFmax, dB(A)
tags nachts tags nachts

Immissionsrichtwerte für
seltene Ereignisse
(exposure levels for rare
events)
LR, dB(A) LAFmax, dB(A)
tags nachts tags nachts

40

85

60

35

25

45

35

70

55

90

65

35

80

55

35

25

45

35

70

55

90

65

35

75

55

35

25

45

35

70

55

90

65

It should be noted that the construction of the road and rail transport network in Germany is guided
by somewhat different noise standards on the ground, determined by the Sixteenth Decree on the
implementation of the Federal Law on Environmental Protection (Sechzehnte Verordnung zur
Durchführung des Bundes-Immissionsschutzgesetzes (Verkehrslärmschutzverordnung - 16.
BImSchV)). In accordance with this decree, in the construction of new roads and reconstruction of
old ones, the norms of noise on the terrain adjacent to the roads should be provided, as presented in
Table 12. As can be seen, these norms are less stringent for residential areas, which is probably offset
by more stringent standards for sound insulation of buildings located near roads.
Table 12: The noise levels on the ground in Germany in accordance with 16. BImSchV (2014)

an Krankenhäusern, Schulen, Kurheimen und Altenheimen (in hospitals, schools,
sanatoriums and houses for the elderly)
in reinen und allgemeinen Wohngebieten und Kleinsiedlungsgebieten (residential
areas and small settlements)
in Kerngebieten, Dorfgebieten und Mischgebieten (main areas, rurtal and mixed
zones)
in Gewerbegebieten (industrial zones)

Day
57 dB(A)

Night
47 dB(A)

59 dB(A)

49 dB(A)

64 dB(A)

54 dB(A)

69 dB(A)

59 dB(A)

Thus, it can be said that in Europe there are similar norms for noise on the terrain, which, in relation
to the territories where houses are located, limit the average noise level to about 55 dBA during the
day and 40-45 dBA at night, which, in turn, corresponds to the Russian standards and the WHO
recommendations. Accounting for the presence of impulse noise in accordance with international
practice is carried out by adding a correction of 3-6 dBA to the level of the measured (estimated)
noise.
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At workplaces the noise level is regulated by a pan-European directive, setting the permissible noise
exposure level L EX, 8h for an 8-hour working day to 80 dBA (allowing up to 85 dBA when
implementing measures to reduce noise) and limiting impulse noise that limits the instantaneous
peak sound pressure L Cpeak with135 dBs (allowing up to 137 dBs when implementing noise reduction
measures). Which also corresponds to the Russian practice.
It is noteworthy that in the presence of various norms of noise on the ground, the actual noise level
in individual territories often exceeds permissible levels, which follows from some studies and noise
monitoring reports. That is, it can be said that the norms are directly applied only in the design of
new facilities and areas, and for the areas of old buildings they only serve as a guideline to which
local authorities should strive. This determines the existence of regulations, including those at the
pan-European level (Directive 2002/49/EU), which require monitoring of noise (based on the
construction of noise contours on the ground) and the development of plans to reduce it to standard
levels.
1.2.3.2.3.2
Australia
In Australia noise regulations are set by individual states based on recommendations and targets
developed at the state level. The noise targets defined by the Australian Environmental Protection
Authority for urban areas are 55 dBA during the day and 47 dBA at night. For example, the noise
figure for a residential area in Queensland is 55 dBA (L eq ), for the airport zone standard AS 2021 is
applied and the maximum sound level is set to L ASmax at 70 dBA.
Australian Standard AS 2021: 2015 "Acoustics - Aircraft Noise Intrusion - Building Siting and
Construction" (Table 13) establishes noise standards for different types of land use, using the noise
characteristics of the Australian Noise Exposure Forecast (ANEF). ANEF is analogous to noise
characteristics such as the average equivalent noise level or the average noise level per day-night,
but is calculated based on the effective perceived noise level EPNL. The ratio between ANEF and L
eq can be roughly characterized by the expression: ANEF = L eq - 35 (according to the Department of
Infrastructure
and
Regional
Development
of
the
Australian
Government
https://infrastructure.gov.au). Based on this, we can say that the standard considers 55 dBA for
territories with the location of residential buildings, schools, hospitals an acceptable average
equivalent sound level.
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Table 13: Noise norms for various types of land use near airports according to Australian standard AS 2021:
2015

In Western Australia, in accordance with the Environmental Protection (Noise) Regulations 1997 (as
of 2017), noise standards are determined by three indicators: L A10 , L A1 , L Amax representing the sound
level values with frequency correction on scale A and time constant S (slow), which for the period
under consideration should not be exceeded for over, respectively, more than 10% of the time, 1%
and L Amax should never be exceeded (Table 14). As in other countries, the established noise standards
refer to the usual types of noise, and in the presence of special noise sources, additional corrections
are provided, which are 10 dB for impulse noise (Table 15).
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Table 14: Western Australian Noise Standards (2017)
Type of premises receiving noise
(type of area)
Noise sensitive premises:
highly sensitive area *

Time of day
()
0700 to 1900 hours Monday to Saturday
0900 to 1900 hours Sunday and public
holidays
1900 to 2200 hours all days
2200 hours on any day to 0700 hours
Monday to Saturday and 0900 hours
Sunday and public holidays
All hours

Assigned level (dBA)
()
LA10 LA1
LAmax
55
65
45
50
65
40
40
35

50
45

55
55

Noise sensitive premises: any
60
75
80
area other than highly sensitive
area
Commercial premises
All hours
60
75
80
Industrial and utility premises
All hours
65
80
90
other than those in the Kwinana
Industrial Area
Industrial and utility premises in All hours
75
85
90
the Kwinana Industrial Area
* - when rationing noise in highly sensitive areas, the influencing factor is taken into account, which is
determined in a special way and takes into account the presence of a number of areas with high noise
levels.
Table 15: Corrections that take into account the presence of special types of noise (State of Western Australia,
2017)
Adjustment where noise emission is not music.
Adjustment where noise emission is music.
These adjustments are cumulative to a maximum of 15 dB.
Where tonality Where modulation Where impulsiveness Where impulsiveness is Where impulsiveness
is present
is present
is present
not present
is present
+5 dB
+5 dB
+10 dB
+10 dB
+15 dB

In another state of Australia - New South Wales (New South Wales - NSW) - the State Government
and the Environment Protection Authority (EPA) have developed noise guidelines for industrial
construction, the latest edition (Noise Policy for Industry 2017) containing recommended noise
limits for different built-up areas (Table 16). These levels reflect the results of studies on the effects
of noise and provide for the protection of the majority of the population (90%) from severe irritation
with industrial noise. These levels are recommended to consider when designing industrial facilities.
For the areas where the housing is located, the recommended equivalent noise levels are 50-55 dBA
during the day and 40 dBA at night, and only for urban residential areas (Urban), where the
document assumes a strong influence of traffic and industrial noise, the recommended noise levels
are 60 dBA during the day and 45 dBA at night.
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Table 16: Recommended noise limits for New South Wales Australia (2017)
Receiver
(location)

Residential

Noise amenity
area
()

Rural
(rural)
Suburban
(suburban)
Urban
(urban)

Hotels, motels, caretakers’ quarters, holiday
Rural
accommodation, permanent resident caravan parks (rural)
Suburban
(suburban)
Urban
(urban)
School classroom – internal

All

Time of day *
()

Day
Evening
Night
Day
Evening
Night
Day
Evening
Night
Day
Evening
Night
Day
Evening
Night
Day
Evening
Night
Noisiest 1-hour
period when in use
Noisiest 1-hour
Noisiest 1-hour
When in use
When in use

Recommended
amenity noise
level LAeq, dB(A)
(recommended
comfortable
amenity noise)
50
45
40
55
45
40
60
50
45
55
50
45
60
50
45
65
55
50
35 **

Hospital ward internal
All
35
Hospital ward external
All
50
Place of worship – internal
All
40
Area specifically reserved for passive recreation
All
50
(e.g. national park)
Active recreation area (e.g. school playground, golf All
When in use
55
course)
Commercial premises
All
When in use
65
Industrial premises
All
When in use
70
Notes:
* Day - the period from 7 am to 6 pm from Monday to Saturday or from 8 am to 6 pm on Sundays and public
holidays; Evening - the period from 6 pm to 10 pm; Night - other periods of the day.
** In the case where existing schools are exposed to noise from existing industrial noise sources, the
permissible noise level is L Aeq, 1h which can be increased to 40 dBA.

Regarding workplace noise in Australia, there is a Model Work Health and Safety Regulations, developed by
Safe Work Australia in accordance with Australian labor protection law and considered to be the basis for
state legislations of Australia in this area. The Model Regulations set noise exposure norms for an
equivalent noise level during an 8-hour working day L Aeq, 8h at 85 dBA and for peak sound pressure level L
Cpeak at 140 dBS
1.2.3.2.3.3
USA
In the US, noise regulation is carried out by local authorities. At the same time, at the federal level a
number of organizations developed their recommendations and standards for the maximum
permissible noise levels on the ground. Thus, in the FAA Aviation Noise Effects publication (1985),
the following US organizations were listed that were related to the development of noise policy on
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the ground depending on the purpose of land use: Federal Interagency Committee on Urban Noise,
Departments of Defense, Transportation and Housing and Urban Development, the Veterans'
Administration, the Environmental Protection Agency, Federal Aviation Administration. To this list
you can add, as a minimum, the American National Standards Institute (ANSI) and the American
Acoustical Society (Acoustical Society of America - ASA), developing standards in the field of
acoustics and noise on the ground.
The Environmental Protection Agency (EPA) published a report on “Information on Levels of of
Environmental Noise Requisite to Protect Public Health and Welfare with an Adequate Margin of
Safety” in the year 1974, in which it concluded that, based on safety for human health, the average
equivalent noise level in the residential area should not exceed 55 dBA, and indoors - 45 dBA (Table.
2.2.3.10). In this case, according to the EPA, an equivalent noise level of more than 70 dBA will lead
to hearing impairment.
Table 17: Noise levels that ensure the safety of human health (according to the results of EPA research, 1974)
Effect
Hearing Loss
Outdoor activity
interference and
annoyance

Indoor activity
interference and
annoyance

Level
Area
Leq(24) ≤ 70 dBA All areas.
Ldn ≤ 55 dBA
Outdoors in residential areas and farms and other outdoor areas
where people spend widely varying amounts or time and other
places in which quiet is a basis for use.
Leq(24) ≤ 55 dBA Outdoor areas where people spend limited amounts of time,
such as school yards, playgrounds, etc,
Ldn ≤ 45 dBA
Indoor residential areas.
Leq(24) ≤ 45 dBA Other indoor areas with human activities such as schools, etc.

The FAA standards refer to noise in areas in the vicinity of airports and are issued in the form of
federal regulations 14 CFR Part 150. The FAA uses the average day-night sound level as the
normalized parameter L dn (Day-night average sound level - DNL), providing for the assessment of
noise with frequency correction on a scale of "A" for 24 hours, taking into account the increase in the
night correction period of 10 dB. Regarding the permissible noise values, the FAA Part 150 norms
have not changed since 1984 and state that for all types of land use the permissible level is noise L dn
less than 65 dBA (Appendix A to Part 150, Sec. A150.101). This is a table with the permitted land use
types depending on the noise level L dn (Table 18).
Table 18: Land use compatible with average day-night noise level L dn (by US 14 CFR Part 150 as amended
in 2017)
Land use

Residential
Residential, other than mobile homes and transient lodgings
Mobile home parks
Transient lodgings
Public Use
Schools
Hospitals and nursing homes
Churches, auditoriums, and concert halls

Yearly day-night average sound level (Ldn) in
dBA
Below 65 65-70 70-75 75-80 80-85 Over 85
Y
Y
Y

N(1)
N
N(1)

N(1)
N
N(1)

N
N
N(1)

N
N
N

N
N
N

Y
Y
Y

N(1)
25
25

N(1)
30
30

N
N
N

N
N
N

N
N
N
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Land use

Yearly day-night average sound level (Ldn) in
dBA
Below 65 65-70 70-75 75-80 80-85 Over 85
Y
Y
25
30
N
N
Y
Y
Y(2) Y(3) Y(4)
Y(4)
Y
Y
Y(2) Y(3) Y(4)
N

Governmental services
Transportation
Parking
Commercial Use
Offices, business and professional
Y
Y
25
30
N
N
Wholesale and retail – building materials, hardware and farm
Y
Y
Y(2) Y(3) Y(4)
N
equipment
Retail trade – general
Y
Y
25
30
N
N
Utilities
Y
Y
Y(2) Y(3) Y(4)
N
Communication
Y
Y
25
30
N
N
Manufacturing and Production
Manufacturing, general
Y
Y
Y(2) Y(3) Y(4)
N
Photographic and optical
Y
Y
25
30
N
N
Agriculture (except livestock) and forestry
Y
Y(6) Y(7) Y(8) Y(8)
Y(8)
Livestock farming and breeding
Y
Y(6) Y(7)
N
N
N
Mining and fishing, resource production and extraction
Y
Y
Y
Y
Y
Y
Recreational
Outdoor sports arenas and spectator sports
Y
Y(5) Y(5)
N
N
N
Outdoor music shells, amphitheaters
Y
N
N
N
N
N
Nature exhibits and zoos
Y
Y
N
N
N
N
Amusements, parks, resorts and camps
Y
Y
Y
N
N
N
Golf courses, riding stables and water recreation
Y
Y
25
30
N
N
 Key to Table:
 Y (Yes) = Land Use and related structures compatible without restrictions.
 N (No) = Land Use and related structures are not compatible and should be prohibited.
 NLR = Noise Level Reduction (outdoor to indoor) to be achieved through incorporation of noise
attenuation into the design and construction of the structure.
 25, 30, or 35 = Land use and related structures generally compatible; measures to achieve NLR of 25,
30, or 35 dB must be incorporated into design and construction of structure.
 Notes for Table:
 (1) Where the community determines that residential or school uses must be allowed, measures to
achieve outdoor to indoor NLR of at least 25 dB and 30 dB should be incorporated into building codes and
be considered in individual approvals. Normal residential construction can be expected to provide a NLR of
20 dB, thus, the reduction requirements are often stated as 5, 10 or 15 dB over standard construction and
normally assume mechanical ventilation and closed windows year round. However, the use of NLR criteria
will not eliminate outdoor noise problems.
 (2) Measures to achieve NLR 25 dB must be incorporated into the design and construction of portions of
these buildings where the public is received, office areas, noise sensitive areas or where the normal noise
level is low.
 (3) Measures to achieve NLR of 30 dB must be incorporated into the design and construction of portions
of these buildings where the public is received, office areas, noise sensitive areas or where the normal noise
level is low.
 (4) Measures to achieve NLR 35 dB must be incorporated into the design and construction of portions of
these buildings where the public is received, office areas, noise sensitive areas or where the normal level is
low.
 (5) Land use compatible provided special sound reinforcement systems are installed.
 (6) Residential buildings require an NLR of 25.
 (7) Residential buildings require an NLR of 30.
 (8) Residential buildings not permitted.
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Despite its status as a federal aviation regulation, the 14 CFR Part 150 standards can only be
considered as certain minimum requirements (or recommendations), since Part 150 does not replace
the standards established by local authorities, which, among other things, is indicated in the notes
to the table of standards (Table 18). Therefore, in fact, the current norms of noise near US airports
are quite diverse and different from Part 150. Many airports have stricter noise regulations for
possible land use, reflecting more modern views on the negative impact of noise and the
technological possibilities to reduce it. For example, in the area of Los Angeles Airport for residential
development only 60 dBA is considered an acceptable noise level (2006). Similarly, 60 dBA is
considered as the limit level of noise in the San Diego region on the territory of individual building
(2009), in the state of Hawaii - for residential development and schools (2006).
In a 2006 D.L. report Adams Associates (DLAA) for the University of Hawaii (Environmental Noise
Assessment Report. University of Hawaii West Oahu Campus. Kapolei, Oahu, Hawaii. June 2006.
DLAA Project No. 05-18) gives a brief overview of some American standards for noise on the
ground, from which it follows that for residential areas different organizations put forward different
requirements: from 55 dBA to 65 dBA (Table 19).
Table 19: American guidelines and regulations for noise on the ground for residential areas (according to the
DLAA Project No. 05-18 2006)
Facility

State of Hawaii,
Department of Health
(DOH)
State of Hawaii,
Department of
Transportation, Airports
Division (HDOTA)
U.S. Federal Highway
Administration (FHWA)

U.S. Department of
Housing and Urban
Development (HUD),
24 CFR Part 51
Federal Aviation
Administration (FAA),
14 CFR Part 150
U.S. Environmental
Protection Agency (EPA)

State of Hawaii,
Department of Health
(DOH)

Purpose

Rated noise
characteristic
Least noisy areas (residential areas)
Residential, conservation,
Permissible
preservation, public space, open
Sound Level
space.
Residential, schools, churches,
Day-night
libraries, hospitals, hotels,
average sound
apartments.
level Ldn
Lands on which serenity and quiet
are of extraordinary significance and
serve an important public need and
where the preservation of those
qualities is essential if the area is to
continue to serve its intended
purpose.
Area for housing (without special
additional attenuation).

Residential, schools, churches,
hospitals

Noise level

55 dBA (day hours);
45 dBA (night hours)
60 dBA

Hourly equivalent
sound level Leq(h)

57 dBA

Day-night
average sound
level Ldn

65 dBA

Yearly day-night
average sound
level Ldn
Exterior environmental noise future
Day-night
goal.
equivalent sound
level Ldn
For reference: territory of the next noise class
Multi-family dwellings, apartments,
Permissible
business, commercial, hotel, resort. Sound Level

65 dBA

55 dBA
(45 dBA inside)

60 dBA (day hours);
50 dBA (night hours)
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Facility
State of Hawaii,
Department of
Transportation, Airports
Division (HDOTA)
U.S. Federal Highway
Administration (FHWA)

Federal Aviation
Administration (FAA),
14 CFR Part 150

Purpose
Governmental services,
transportation, parking, commercial
use.
Picnic areas, recreation areas,
playgrounds, active sport areas,
parks, residences, motels, hotels,
schools, churches, libraries and
hospitals.
Governmental services,
transportation, parking, commercial
use, recreational.

Rated noise
characteristic
Day-night
average sound
level Ldn

Noise level
65 dBA

Hourly equivalent
sound level Leq(h)

67 dBA

Yearly day-night
average sound
level Ldn

70 dBA

It should be noted that the 24 CFR Part 51 (Department of Housing and Urban Development)
standards, like the 14 CFR Part 150 (FAA) standards, were last revised in 1984. Standards 24 CFR
Part 51 are focused on housing programs and define L dn (24) less than 65 dBA as the acceptable level
of noise without restrictions, and as unacceptable - more than 75 dBA. In areas with noise in the
range of 65-75 dBA, the construction of houses is allowed in special cases subject to a number of
conditions, including increased sound insulation of buildings.
It should be noted that 24 CFR Part 51 in the evaluation of construction projects allows the use of
already available results of the assessment of the noise situation in the territories under
consideration. In this regard, to compare the available data with the established norms, 24 CFR Part
51 suggests the following dependencies:
– for airport areas where noise is measured at CNEL (Community Noise Equivalent Level) or NEF
(Noise Exposure Forecasts):
DNL ≈ CNEL;
DNL ≈ NEF + 35;
– for motorway areas where noise is measured in L A10 or L Aeq for an estimated hour and provided
that heavy trucks make up no more than 10% of the traffic, and for the period from 10 pm to 7 am
there are no more than 15% of the daily traffic:
DNL ≈ LA10(design hour) – 3;
DNL ≈ LAeq(design hour).
If there are loud impulse sounds on the site (such as a sound impact), 24 CFR Part 51 as a time
standard determines that before assessing the acceptability of this territory for construction to the
measured noise level L dn (24) a correction of 8 dBA should be added. As an alternative to taking into
account impulse noise 24 CFR Part 51 proposes to use the available measurements of the average
noise level per day-night with frequency correction on a scale of C (L Cdn ) and determine the
acceptability of the territory, directly comparing the values of L Cdn with 24 CFR Part 51 standard
values L dn .
Table 20 shows some of the normative values of noise on the terrain in the residential area from the
ANSI/ASA S12.9-2007/Part 5 standard "Quantities and Procedures for description and measurement
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of environmental sound. Part 5: Sound Level Descriptors for Determination of Compatible Land
Use».
Table 20: American noise regulations on the ground according to the standard ANSI/ASA S12.9-2007/Part 5
(according to data from different sources)
Categories of land use

Residential – urban/suburban use,
single family, extensive outdoor use
Residential – multiple family, moderate
outdoor use
Residential – multi-storey, limited outdoor
use
Neighborhood parks
Office buildings, personal services,
business and professionals
Commercial – retail, movie theatres
restaurants
Multi-Story Residential Limited Outdoor Use

Adjusted annual average of the day–night level (Ldn), dBA
Compatible
Marginally
Compatible with Incompatible
compatible
sound insulation
55

60

N/A

60

65

N/A

60

65

75

55

70

N/A

65

75

N/A

< 60

60 - 65

65 - 75

> 75

It can be added to the above data that in the state of Colorado it is established by law (CRS § 25-12101) that 25 feet from the land ownership boundary where the noise source is located, the
permissible noise level in the residential area is 55 dBA during the day and 50 dBA at night, in the
commercial zone it is 60 dBA during the day and 55 dBA at night (with a correction of 5 dBA for the
impulse noise).
In the state of Minnesota, the rules of Chapter 7030 “Noise Pollution Control” apply to noise
standards on the ground, presented in Table 21.
Table 21: Terrain Noise Standards (dBA) of the State of Minnesota (Chapter 7030 "Noise Pollution Control",
2017)
Noise Area Classification (Land Use Activities)
1. Household Units (includes farm houses)
Hotels, motels, or other overnight lodging
Mobile home parks or courts
Other residential units
Motion picture production
Medical and other health services
Correctional institutions
Educational services
Religious activities
Cultural activities and nature exhibitions
Entertainment assembly
Camping and picnicking areas (designated)
Resorts and group camps
Other cultural, entertainment, and recreational activities.
2. Railroad terminals (passenger and freight)
Rapid rail transit and street railway passenger terminals
Bus passenger terminals (intercity and local)
Other motor vehicle transportation
Airport and flying field terminals (passenger and freight)

Daytime Nighttime
L50 L10 L50 L10
60 65 50 55

65 70

65

70
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Noise Area Classification (Land Use Activities)

Daytime Nighttime
L50 L10 L50 L10

Marine terminals (passenger and freight)
Automobile parking
Transportation services and arrangements
Wholesale trade
Retail trade, including restaurants and bars
Finance, insurance, and real estate services
Personal services
Business, legal, or other professional services
Repair services
Contract construction services
Governmental services (except correctional institutions)
Miscellaneous services (except religious activities)
Public assembly (except entertainment assembly and race tracks)
Amusements (except fairgrounds and amusement parks)
Recreational activities (except designated camping and picnicking areas)
Parks
3. Manufacturing
75 80
Transportation (except passenger terminals)
Highway and street right-of-way
Communication
Utilities
Race tracks
Fairgrounds and amusement parks
Agricultural and related activities
Forestry activities and related services (including commercial forest land, timber production, and
other related activities)
Fishing activities and related services
Mining activities and related services
Other resource production and extraction
All other activities not otherwise listed.

75

80

29 CFR Part 1910 “Occupational Safety and Health Standards” are defined for noise level workplaces
at the federal level, depending on the duration of exposure to noise. For an 8-hour workday the
maximum sound level L AS is 90 dBA. The maximum permissible sound level is 115 dBA for no more
than 15 minutes. Exceeding these levels requires the use of noise protection. The peak sound
pressure level of the impulse noise should not exceed 140 dB.
The data show that with the minimum requirements for the marginal value of the average noise
level in a residential area of 65 dBA are established by a number of federal rules, some modern US
standards and local standards that are actually in force at the local level are aimed at limiting the
noise level to 55-60 dBA (when the level of night noise is 10 dBA less). These are slightly less
stringent requirements than those in Russia and in Europe, where the permissible noise level for
sensitive areas does not exceed 55 dBA. Nevertheless, some facts show that in the USA there is a
tendency to achieve the target level of 55 dBA proposed by the US Environmental Protection Agency
(EPA), which corresponds to the target standards developed by the World Health Organization.
1.2.3.2.3.4
Conclusions
The analysis shows the similarity of the situation with the general rationing of noise on the ground
abroad and in Russia, including the variety of regulations in this area.
Considering, as a characteristic indicator, the permissible noise level in the territory of the location
of residential buildings, we can note the universal desire to achieve an average estimated noise level
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for the day-night L dn at no more than 55 dBA (or L Aeq no more than 55 dBA during the day and 45
dBA at night), which, according to various estimates, provides for the majority of the population
protection against severe irritation and sleep disturbance due to noise (Table 22).
Table 22: Comparison of maximum permissible noise levels (dBA) for the territory of location of mainly
residential buildings in some countries of the world
Country

Ldn
Lden

Leq
LAFmax
LASmax
Corection for
daytime night daytime night daytime night
impulse
WHO
50-55
45
60
IFC
55
45
Russia
55
45
70
60
5
Australia *
50-55 40-47
65-70
55
10
Germany
50-55 35-40
80-85 55-60
3-6
Italy
52-55 42-45
6
Portugal
55
45
USA *
55-65
45-55
5-8
* - federal recommendations and regulations of individual regions of the country.

At the same time, there is a widespread practice of applying the established stringent noise
standards in full only to newly created or reconstructed facilities and territories. In the areas of
residential (urban) development that have been existing for a long time, the actual noise level in
certain territories often exceeds these norms. This determines the presence in all countries of the part
of the population living at excessive noise levels. At the same time, it is not viewed by governments
as a normal situation, and they develop plans and take possible measures to improve the noise
situation.
As a rule, for urban areas with developed commercial activities and a developed transport network,
as well as for areas near highways, the noise level on the ground is 5-10 dBA higher. But the
construction of houses in these areas may be burdened with the requirements of increased sound
insulation of buildings and the adoption of other measures to protect the population from noise.
In accordance with recognized international practice, the presence in the territories of residential
development of pulsed noise , in the general case, is taken into account by adding to the measured
(calculated) noise level (or by subtracting from the permissible noise levels) the corresponding
correction — a predetermined amount in dBA. The amount of correction varies from 3 to 10 dBA. In
workplaces, impulse noise is limited to an instantaneous peak pressure of 135-140 dB or 140 dB,
considering that such a sound pressure level may already lead to hearing loss and ear injury. (For
broadband noise without pronounced low and high frequencies, the use of C-correction practically
does not change the value of the sound level). Standards for noise in workplaces and in residential
areas of some countries are also given in Appendix 1.
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1.2.3.3 Correlation of noise norms on the ground in the Russian Federation and abroad with sound
impact parameters
Naturally, while developing noise standards for residential and urban areas, scientists considered
those types of noise that are characteristic of such areas. And as the basis for the rationing of noise
on the ground by international standards, the Schulz curve was adopted, which reflects the reaction
of people to traffic noise, which was basic for settlements.

Уровень
давления,
дБ
Soundзвукового
pressure level,
dB

If we compare the spectra of transport noise and sound impact of supersonic flight, we can note their
fundamental difference. Consider as an example (Figure 15) the spectrum of the reference transport
(air) noise, which is proposed to use for the evaluation of sound insulation of windows of buildings
and their other exterior fencing structures (Design Guide for MGSN 2.04-97, the design of protection
against traffic noise and vibrations of residential and public buildings, Moscomarchitecture, 1999;
.I.I. Bogolepov, N.P. Stolyarova "Three methods for determining the necessary sound insulation of
windows: pros and cons", Engineering and Construction Magazine, No. 1, 2010), as well as the sound
impact spectrum from the supersonic flight of an F-18 aircraft (NASA/CR–2014-218180" Waveforms
and Sonic Boom Perception and Response (WSPR): Low-Boom Community Response Program Pilot
Test Design, Execution, and Analysis, 2014) and the spectrum of the sonic shock that arose when
testing a model in a wind tunnel (Sriram K. Rallabhandi and Alexandra Loubeauy «Summary of
Propagation Cases of the Second AIAA Sonic Boom Prediction Workshop», 2017).
Спектр
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transportшума
noise(80
(80дБ/0.2
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1 спектра звукового удара (100 дБ / 2 Па)
Pa)
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Пример
звукового
удара
(125 дБ
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Figure 15: Examples of spectra of transport noise and sound impact

As can be seen from the figure, transport noise is characterized by the concentration of sound energy
in the range from about 100 Hz to 3 kHz with a relatively uniform distribution of energy across
frequency bands and a relatively small sound level (in the area of building location). The sound
impact spectrum has a pronounced peak of energy in the low frequency range (less than 30 Hz) and
is characterized by a significant decrease in sound pressure levels to the frequency range of
maximum hearing sensitivity (1-5 kHz). This determines the significant dependence of the results of
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sound impact level assessment on the selected frequency correction scale, in contrast to noise with
a transport spectrum. The results of the assessment of sound levels using different standard
frequency correction scales for noise, with the energy distribution spectra shown in Figure 15,
characteristic of transport noise and sonic boom, are shown in Figure 16 depending on the sound
pressure levels.
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Figure 16: Sound levels using different frequency correction scales for noise with an energy distribution
spectrum characteristic of traffic noise and sonic boom

For transport noise (or noise with the main energy in the frequency range of the most perceived
sound) the use of frequency correction on scale A reduces the sound level by just 5 dB, and the use
of frequency correction on scale C practically does not change the sound level. The latter explains
why in the general noise rates for peak pressure there are norms in both dBS and dB (lin) without
frequency correction.
For a sound impact, even the use of frequency correction on the C scale leads to a significant decrease
in the sound level value - as in the example of 16 dB, and the use of frequency correction on the A
scale - by about 40 dB. But even in this case, the sound level is 70 dBA, which is the limiting value
of L Amax for residential areas in Russia, Australia, which is provided with a sound pressure of about
7 Pa. And taking into account the correction for impulse noise limit values L Amax in 60-65 dBA are
provided when the sound pressure value of a sound impact is about 2-4 Pa. If we are guided by the
approach recommended by 24 CFR Part 51 of the USA for impulse noise, the results of the impulse
sound evaluation in dBs are compared with the normative noise values in dBA, then the norm of 70
dBs is provided with a sound pressure value of only about 0.4 Pa.
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Considered as possible for supersonic airplanes of the new generation, the level of sound impact of
15-20 Pa with the spectrum under consideration corresponds to the sound level of 101-104 dBS or
76-79 dBA. This is below the peak pressure level established in some countries, based on possible
ear injury - 135-137 dBS, but higher than the standard sound levels established, at least in some
countries, on the basis of protecting people from severe irritation and preventing hearing loss.
However, such a direct comparison is not entirely correct for several reasons.
First, as studies show, the characteristics of the shock wave, including spectral ones, depend on
many factors. Therefore, in real conditions for specific models of aircrafts, the ratio between the
sound pressure level in dB and the sound level in dBS or dBA may be different compared to the
example presented in Figure 16. Thus, for example, it is known that the high-frequency components
of the spectrum of a sonic shock decrease with an increase in the pressure rise time of a shock wave
(NASA/SP-2014-622 “Sonic Boom: Six Decades of Research, 2014), which causes a greater difference
between the values in dB and dBA, and also reduces the perceived volume of the impact (or the
perceived noise in PldB). It is not in vain that the relation PLdB = 21 + 20 · Lg (Δp / τ) was considered
in relation to the sound impact for estimating the perceived noise in PLdB FAA, where: Δp is the
peak overpressure of the acoustic shock wave in Pa, τ is the rise time of this pressure in seconds
(FAA-RD-76-1 “Human Response to Sound: The Calculation of Perceived Level, PLdB (Noisiness or
Loudness) Directly From Physical Measured», 1976). The reporting materials of TsAGI
(“Development of a methodology for calculating the estimated level of the VTS memory unit, taking
into account the properties of the real atmosphere. Preliminary levels of acceptable memory
intensity ", 2011) show the dependence of the sound level in dBA, created by a sonic shock, on the
pressure amplitude and pressure rise time (Figure 17), which indicate that an increase in the pressure
build-up time can significantly reduce the sound impact noise level measured using frequency
correction on the scale A. Figure 17 shows that with a rise time of about 8 ms, the noise level created
by the N-wave of a sound impact of 15-20 Pa corresponds to a sound level of 62-64 dBA, which fits
into the existing norms of maximum sound level during the day for residential areas.
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Figure 17: Sound level in dBA N-waves depending on the rise time of pressure and amplitude

Secondly, as mentioned above, the established general noise standards are based on the reaction of
people to ordinary urban noise. While it is proved that the reaction of people to different types and
sources of noise is different even with the same sound level, which was the reason for introducing
additional corrections to tonal noise, impulse noise, railway noise, aircraft noise, air conditioning
noise etc. At the same time, despite numerous studies, the impact of a sound strike (below the
traumatic levels) on people has not yet been fully studied, and no agreed decision has been found
on this issue. For example, the contribution of acoustic shocks to the overall effect of ambient noise
on hearing impairment over time is not clear. That is, it cannot be said that the current noise
standards fully take into account the reaction of people to sound shocks, and, therefore, with regard
to sound shocks, these norms may need to be adjusted. In part, this is confirmed by the low
correlation of the level of irritation of people with a sound impact level measured with frequency
correction on scale A (in dBA), detected by research, while noise standards are set in dBA, as for
transport and city noise scale A shows very satisfactory results. The short duration of the impact of
a sound strike (less than 1 s) should also be taken into account.
The search for a sound strike metric that adequately reflects the degree of its negative impact on
people is one of the key tasks in developing the ICAO standard and national norms in this aspect.
In this case, probably, the permissible level of sound impact, measured by this metric, should be
determined on the basis of the proportion of the population strongly irritated by the sound impact,
the share of the population, strongly irritated by traffic noise, adopted as acceptable when
normalizing the total noise. It should be noted that, based on the Schulz curve (Schultz T.J. Synthesis
of social surveys on noise annoyance J. Acoust. Soc. Am. 1978, 64(2). - p.337-405), the most common
rate of L dn = 55 dBA corresponds to 4.1% of the population, strongly irritated by road noise (Figure
18). In the updated version of ISO 1996-1: 2016 the Schulz curve is replaced by similar dependencies
based on more recent studies, recommended for the range of values of L dn 45 to 75 dBA (Figure 19),
from which it follows that L dn = 55 dBA corresponds to 3.1% of the population, strongly irritated by
road noise.

The percentage of the population,
strongly irritated by road noise, HA, %
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Figure 18: Percentage of respondents highly irritated by road noise (HA), depending on the estimated sound
level in the day-night period L dn (Schultz curve according to GOST 31296.1-2005, ANSI S12.9-2005)
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Figure 19: Percentage of respondents strongly irritated by noise (HA), depending on the estimated sound
level in the day-night period L dn (ISO 1996-1: 2016, Annex E)

The results of some studies of the reaction of people to a sound strike of various levels are given in
Appendix 2.
It should also be borne in mind that under the route of supersonic flights there may be territories
with different levels of permissible noise, including those with L Aeq less than 55 dBA, as well as
areas with different actual noise, that is, different in terms of safety of appearance of additional
sources of noise (such as a sound shock). With the fact that even a level of 70-75 dBA is problematic
for a sonic strike, this creates conditions when the existence of a standard for the level of a sonic
boom should be inseparably linked with the rules for performing flights of supersonic airplanes in
terms of restrictions on allowed levels and corridors of supersonic flights, and the frequency of such
flights over a certain terrain. Such restrictions will become an additional regulatory tool providing
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an acceptable degree of annoying impact on the population of a sound strike with a relatively high
sound level expected for it at the present stage. It seems that such limitations of supersonic flights
will also be necessary for the organization of safe air traffic of supersonic and subsonic airplanes in
a single airspace, including taking into account the effect of supersonic shock waves on all
participants in air traffic.
1.2.3.4 Conclusions
1. The problem of noise rationing is quite complex, due to the subjective and, to a certain extent,
individual perception of noise by people (which, in turn, creates uncertainty in people's reaction to
noise), as well as the diversity of noise exposure conditions, the presence of historical features of the
formation of residential buildings, the location of highways and industrial facilities.
International practice is to establish norms of noise, based on knowledge of the impact of different
types of noise on the health and well-being of people, as well as on the basis of the current level of
the country's socio-economic development and the associated level of technology development. In
this regard, the rationing of noise evolves from the first norms of the last century, which did not
ensure the preservation of people's health, to more stringent, target values of the norms, when noise
would not cause noticeable irritation in people.
There are no uniform standards and recommendations for the level of noise in the world. The
establishment of regulatory values for permissible noise is the prerogative of the national executive
authorities, and sometimes falls within the competence of the authorities of the administrativeterritorial units of states (as, for example, in the USA, Australia, Canada). The presence of national
characteristics is also characteristic of the regulatory framework in the field of noise, including the
historical features of its formation. As a rule, the regulatory framework includes a fairly extensive
list of regulatory documents that regulate various aspects of the noise problem and sometimes
overlap in parts.
2. It is generally agreed that impulse noise is more annoying to people than ordinary constant noise
(for example, road noise). International standards for rationing noise on the ground suggest taking
into account the presence of impulse noise by adding to the results of a control measurement or
assessment of noise an appropriate (normatively established) fixed correction in decibels, their value
according to the recommendations of ISO 1996 (GOST 31296) being 5-12 dB.
In accordance with standard international practice, the sound impact from a supersonic flight of an
aircraft refers to high-energy pulsed noise, which also includes the noise from explosions (when the
mass of the TNT equivalent exceeds 50 g). For such types of noise ISO 1996 (ГОСТ 31296) defines
special approaches to its evaluation and measurement of its irritating qualities, but the uniform
recommendations on this issues still do not exist.
Since the presence of high-energy impulse noise sources is not typical for residential (urban)
development areas, the noise norms for such areas with other impulse noise are usually limited to
establishing an appropriate impulse noise correction, as provided by the international standard ISO
1996 (GOST 31296 ).
3. According to the World Health Organization (WHO) Guidelines for Community Noise of 1999 to
prevent mechanical damage to the inner ear, adults should never be exposed to instantaneous sound
pressure L peak more than 140 dB (children - 120 dB) to avoid acute hearing impairment, L AFmax should
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always be below 110 dBA to prevent hearing damage during prolonged exposure to noise, L Aeq, 24h
must not exceed 70 dBA (in the workplace L Aeq, 8h - 75 dBA). To prevent medium and severe irritation
of the population by noise in the residential area, the equivalent noise level L Aeq during the day
should be no more than 50-55 dBA, and at night, so as not to interfere with sleep, no more than 45
dBA, with L AFmax at night no more than 60 dBA.
The WHO manual states that, at the time of its writing, there was no consensus on a model that
would uniquely determine the level of stimulation from impulsive sounds and from a combination
of various noise sources. Therefore, among the quantitative recommendations on the noise level for
pulsed noise, only the limiting value of the instantaneous peak pressure is given, based on the
possible hearing loss (ear injury), which is 140 dB (200 Pa) for adults and 120 dB (20 Pa) for children
(measured at a distance of 100 mm from the ear).
4. In the Russian Federation, the general norms of noise in residential areas and in residential and
public buildings are set by sanitary norms SN 2.2.4 / 2.1.8.562-96, at workplaces - by sanitaryepidemiological rules and standards SanPiN 2.2.4.3359-16. Additionally, the sanitary norms SN
2.2.4/2.1.8.583-96 establish requirements for infrasound in residential premises and on the territory
of residential development.
The noise standards are not one, but a whole set of values of the maximum allowable levels, due to
several simultaneously normalized noise parameters (indicators) and different acceptable values of
these parameters, depending on the purpose of the premises and territories (Table. 2.4.1). The most
stringent are the requirements for recreation areas in the territories of hospitals and sanatoriums,
where even during the daytime the equivalent sound level should not exceed 35 dBA and the
maximum - 50 dBA. The highest values of permissible daytime noise are allowed for the territories
immediately adjacent to public buildings - 60 dBA and 75 dBA, respectively. Allowable noise levels
in residential areas are 55 dBA for L Aeq during the day and 70 dBA for L АSmax , and at night - 45 dBA
for L Aeq and 60 dBA for L АSmax that fully complies with the recommendations of the WHO.
Table 23: Russian norms for unstable noise (including intermittent noise)
Sanitary
norms
SN 2.2.4/
2.1.8.562-96

SanPiN
2.2.4.3359-16

Subject of
limitation
The noise in the
premises of
residential, public
buildings and in
residential areas.
Noise in the
workplace.

Infrasound in the
workplace.

Rate
parameters
Equivalent sound level A (L Aeq ),
dBA.
Maximum sound level A (L АSmax
), dBA.
Equivalent sound level A per shift
(L Aeq,8h), dBA.
Maximum sound level A (L АSmax
), dBA.
Maximum sound level A (L Аlmax ),
dBAI.
Peak sound level C (L Cpeak ),
dBS.
Equivalent sound levels per shift
in octave bands (L p, 1/1, eq, 8h ), dB

Maximum allowable range
25-60 dBA for rooms;
35-60 dBA for territories.
40-75 dBA for rooms;
50-75 dBA for territories.
50-80 dBA;
85 dBA under special conditions.
110 dBA.
125 dBAI.
137 dBS.
95-110 dB for the 2 Hz band;
90-105 dB for the 4 Hz band;
85-100 dB for the 8 Hz band;
80-95 dB for the 16 Hz band;
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Sanitary
norms

SN 2.2.4/
2.1.8.583-96

Subject of
limitation

Rate
parameters
The equivalent total level of
infrasound per shift, (L p, ZI, eq, 8h )
dB
Maximum total level of
infrasound, measured with a time
correction of S.
Infrasound in
Equivalent sound levels in octave
residential, public bands, dB.
buildings and
residential areas.
Equivalent overall sound level,
dB.
Maximum sound level, dB.

Maximum allowable range
95-110 dB.

120 dB.

75-90 dB for the 2 Hz band;
70-85 dB for the 4 Hz band;
65-80 dB for the 8 Hz band;
60-75 dB for the 16 Hz band;
75 dB for rooms;
90 dB for territories.
120 dB.

For tonal and impulse noise a fixed correction of 5 dBA is provided, which corresponds to the
recommendations of the international standard ISO 1996 (GOST 31296). Limit values are provided
for workplaces for peak sound level C of 137 dBs, as well as for maximum sound level A, measured
with time corrections S and I of 110 dBA and 125 dBA, respectively.
5. The analysis shows the similarity of the situation with the general rationing of noise on the ground
abroad and in Russia, and, despite the variety of regulations in this area, allows us to draw a number
of general conclusions regarding the rationing of noise on the ground.
Considering, as a characteristic indicator, the permissible noise level in the territory of the location
of residential buildings, one can note the general desire to achieve an average estimated noise level
for the day-night L dn no more than 55 dBA (or L Aeq no more than 55 dBA during the day and 45
dBA at night), which, according to various estimates, provides for the majority of the population
protection against severe irritation and sleep disturbance due to noise (Table 22).
At the same time, there is a widespread practice of applying the established stringent noise
standards in full only to newly created or reconstructed facilities and territories. In the areas of
residential (urban) development that have been existing for a long time, the actual noise level in
certain territories often exceeds these norms. This determines the presence in all countries of the part
of the population living at excessive noise levels. At the same time, it is not viewed by governments
as a normal situation, and they develop plans and take possible measures to improve the noise
situation.
As a rule, for urban areas with developed commercial activities and a developed transport network,
as well as for areas near highways, the noise level on the ground is 5-10 dBA higher. But the
construction of houses in these areas may be burdened with the requirements of increased sound
insulation of buildings and the adoption of other measures to protect the population from noise.
In accordance with recognized international practice, the presence in the territories of residential
development of pulsed noise, in the general case, is taken into account by adding to the measured
(calculated) noise level (or by subtracting from the permissible noise levels) the corresponding
correction — a predetermined amount in dBA. The amount of correction varies from 3 to 10 dBA. In
workplaces, impulse noise is limited to an instantaneous peak pressure of 135-140 dB or 140 dB,
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considering that such a sound pressure level may already lead to hearing loss and ear injury. (For
broadband noise without pronounced low and high frequencies, the use of C-correction practically
does not change the value of the sound level).
6. Based on individual examples of the sound impact spectrum from a supersonic flight of an aircraft,
it can be noted that for sound impact (unlike road noise), due to the presence of a significant amount
of energy in the low frequency range (less than 30 Hz), the choice of frequency correction is essential.
In the considered example of the spectrum in the one-third octave bands even the use of frequency
correction on the C scale leads to a decrease in sound level by 16 dB relative to the level without
frequency correction, and the use of frequency correction on the A scale leads to the amount by
about 40 dB.
But in this case the sound level of 70 dBA (which is the daily limit value L Amax for Russia, Australia)
is provided with a sound pressure of only about 7 Pa. And taking into account the correction for
impulse noise limit values L Amax in 60-65 dBA are provided when the sound pressure value of a
sound impact is about 2-4 Pa. If we are guided by the approach recommended by 24 CFR Part 51 of
the USA for impulse noise, the results of the impulse sound evaluation in dBs are compared with
the normative noise values in dBA, then the norm of 70 dBs is provided with a sound pressure value
of only about 0.4 Pa.
Considered to be achievable for supersonic airplanes of the new generation, the sound impact level
of 15-20 Pa with the spectrum under consideration corresponds to the sound level of 101-104 dBS or
76-79 dBA. This is below the established peak pressure level, based on a possible ear injury - 135137 dBS, but above the regulatory sound levels established in a number of countries, based on
protecting people from severe irritation and preventing hearing loss. Reducing the sound impact
noise level in dBA (and in PLdB) to the normative values of the maximum sound level in residential
areas in a number of studies can be achieved by increasing the N-wave pressure rise time (up to
about 8 ms) or changing its shape.
However, such a direct comparison is not entirely correct, since the existing noise standards are
based on the reaction of people to ordinary urban noise, and their response to the sound impact, as
studies show, is different, but has not yet been fully studied.
7. In any case, when developing a sound impact standard, it is necessary to take into account the
existing noise standards on the ground, since the world community is unlikely to perceive positively
the deterioration of the noise situation in residential areas due to the start of operation of supersonic
airplanes.
In this aspect, taking into account the short-term impact of a sound strike and assuming low intensity
of supersonic flights over a specific territory (a single number of flights per day), the normalized
maximum sound level taking into account impulse correction (which can be estimated on average
as 65 dBA) can be considered as a checkpoint.
A more rational guideline, given the insufficient knowledge of the impact of sound shocks on the
population, seems to be the permissible percentage of people who are highly irritated by noise,
which is the basis for normalizing noise in residential areas. Based on GOST 31296.1-2005 and ISO
1996-1: 2016, the most common norm L dn = 55 dBA corresponds to 3-4% of the population, strongly
irritated by road noise. It is likely that the same percentage of the population, strongly irritated by a
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sound strike, will be perceived as acceptable. The search for the metric of sound impact, which
adequately reflects the degree of its irritating effect on people, is in this aspect one of the key tasks
when developing the ICAO standard and national norms.
8. The presence of territories with different levels of permissible noise, as well as differences in
territories according to the actual noise level, that is, the safety of the appearance of additional noise
sources on them (such as a sound strike), creates conditions when the existence of a standard for the
level of sound impact should be inseparably connected with rules for flights of supersonic airplanes
in terms of restrictions on permitted flight levels and corridors of supersonic flights, as well as the
frequency of such flights. It should be noted that such restrictions will also be necessary for the safe
organization of air traffic of supersonic and subsonic airplanes, including taking into account the
effect of a supersonic shock wave on other participants of air traffic.

1.2.4 The norms of impulse noise caused by explosions and weapons
In ordinary life impulse noise of a sufficiently high level is not a common phenomenon for
residential areas, which justifies the use of approximate methods for noise estimation based on the
presence of impulse noise based on the addition of typical corrections to the estimates.
However, these types of noise are quite typical for the activities of the armed forces. Its sources are
various types of weapons in the process of shooting, as well as explosions of various ammunition.
Also, blasting may take place at civilian objects, for example, during the extraction of minerals.
Moreover, the impulse noise from explosions, medium and heavy weapons has a certain similarity
with the noise created by supersonic flights - in both cases a shock wave is formed with a high
pressure level and a large proportion of low-frequency energy. A number of studies have shown
that the reaction of people to the noise effect of shock waves from explosions is also in many ways
similar to their reaction to the impact of sonic shock from supersonic flight (for example, P. D.
Schomer, J. W. Sias and D. Maglieri. A comparative study of human response, indoors, to blast noise
and sonic booms. Noise Control Engineering Journal, 45(4):169{182, 1997).
In this connection, approaches to the rationing and monitoring of noise in the territory and near
military bases and landfills, as well as in blasting areas at civilian sites seem to be interesting. Still,
as noted above, the general community has not yet developed a general consensus on the method
of measuring, estimating and rationing high-energy pulsed noise.
Below, when describing noise norms, the term “explosion” can be used with reference to any event
that caused a high-energy pulsed sound (or shock wave).
1.2.4.1 Australia
In Australia there are no uniform norms for noise, each state forming its own regulatory framework
governing noise. However, some recommendations and standards are being developed at the
national level.
In 1990 the Australian and New Zealand Environment Council (ANZEC) published a guideline on
minimizing the negative public reaction caused by explosive shock waves and earth vibration
(Technical Basis for Guidelines to Minimizing Annoyance due to Blasting Overpressure and Ground
Vibration). The manual provides guidance on limiting pressure level of an air shock wave, ground
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vibration level, time of day and frequency of explosions to minimize irritation and discomfort of
people in noise sensitive areas (such as homes, hospitals, schools, and within 30 meters of them).
Recommendations relate to mining, quarrying, construction and other operations that involve the
use of explosives to fragment the rock.
Regarding the level of pressure of the shock wave, the recommendations were that the peak pressure
(without frequency correction) never exceed 120 dB, and the level of 115 dB is exceeded in no more
than 5% of cases per year. In general, explosions should be carried out no more than once a day, and
should be allowed only from 9 to 17 o'clock, and on Sundays and public holidays explosions should
be prohibited. Restrictions on the time and frequency of explosions do not apply to underground
mining operations, as well as to those cases where noise effects from an explosion are not perceived
in noise-sensitive areas.
The manual notes that in Australia there is no general standard setting technical requirements for
explosive monitoring tools and procedures. To measure the pressure of the shock wave, the manual
requires the use of equipment with the lower limit of the operating frequency range 2 Hz or below.
The manual allows using equipment with the lower boundary in the range from 2 Hz to 10 Hz, with
correction of 5 dB being added to measurement results.
In Western Australia requirements to blast waves are included into the regulations «Environmental
Protection (Noise) Regulations 1997». As of 2017, these regulations establish requirements to blast
waves not only for sites responsive to noise, but for other places of housing and other site
development territory (Table 24) as distinct from recommendations ANZEC of 1990. There are
distinctions in frequency and time of explosions as well. The norms indicated in Table 24 may be
exceeded if there are no people on the territory of impact of the blast wave.
Table 24: The permissible level of peak pressure L Zpeakof the blast wave on the territory in Western
Australia (Environmental Protection (Noise) Regulations 1997, as of 2017)
From 7 till 18 o'clock

Buildings responsive to noise
(apartment houses, hospitals, etc.)
and territory within 30 m from them
Other territories

Maximum
permissible
level, dB
120

Levels for 9 of any 10 consecutive
explosions (independent of the
interval between them), dB
115

From 18 till 7
o'clock
Maximum
permissible
level, dB
90

125

120

90

Environmental Protection (Noise) Regulations set forth, that while measuring the blast wave a
microphone is to be located 1,2-1,6 m above ground and, at least, 5m from any surface substantially
reflecting sound (except for the earth surface).
In the state of Queensland the Ministry of preservation of the environment and population
protection issued a manual about noise, including noise caused by explosions (Guideline: Noise
and vibration from blasting), which establishes similar requirements to the blast wave (Table 25).
Explosions beyond permitted time periods may be carried out only if the contrary is not possible,
but at the same time the number of explosions must be limited and the permissible level must be
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lowered, or if the explosion site is sufficiently far from the territories responsive to noise and it will
not negatively influence them.
Table 25: The permissible level of peak pressure L Zpeak of the blast wave on the territory of housing
development and territories of commercial use in the state of Queensland in Australia (Guideline: Noise and
vibration from blasting, 2016)
Type of activity
Construction and
quarry works

Open-cover mining
operations

Period
From 9:00 till 15:00 from Monday till
Friday and from 9:00 till 13:00 on
Saturdays
On Sundays and holidays
From 7:00 till 18:00

From 18:00 till 7:00
Underground mining From 7:00 till 18:00
operations
From 18:00 till 7:00

Noise norms
115 dB for 9 of any 10 consecutive
explosions and not more than 120 dB at
any time.
Explosions are prohibited.
115 dB for 9 of any 10 consecutive
explosions and not more than 120 dB at
any time.
Explosions are prohibited or the norms are
similar to the period from 7:00 till 18:00.
115 dB for 9 of any 10 consecutive
explosions and not more than 120 dB at
any time.
115 dB.

1.2.4.2 USA
1.2.4.2.1
Recommendations CHABA 1996
In various investigations and recommendation documents (not only of the USA) recommendations
of the Committee on Hearing, Bioacoustics, and Biomechanics – CHABA of the U.S. National
Research Council are mentioned. National Research Council). As far back as in 1960s the committee
suggested criteria of assessment of hearing loss due to impact noise. Further, as the acoustics science
was developing, the committee revised its recommendations, the last time in 1996 in the report
«Community Response to High-Energy Impulsive Sounds: An Assessment of the Field Since 1981»
(CHABA 1996).
In their research CHABA experts considered impact sounds with the impact level CSEL (L CE) of
more than 85 dBs in the daytime or more than 75 dBs at night to be impact noise of high energy. In
addition the main sound energy (about 75%) is concentrated during 1 second, and practically the
entire sound energy is concentrated within 3 seconds. Only sounds with a great share of lowfrequency energy, such as sound blasts, explosions, shooting of heavy artillery, explosive works
used in mining operations, were considered.
The aim was to develop (on the basis of summarizing the results of various investigations) the
forecasting (assessment) method of the population response judging by the measured (or calculated
from measurements) characteristic of impact sounds. In other words, it is the search of dependency
"noise dose - population response" (e.g., on analogy with the Schultz curve for transport noise).
CHABA report 1996 underlines that by 1996 there is no still a fundamental understanding of
people's response to the annoying impact of high energy noise. Accessible results of research do not
allow formulating a single approach to assessment of the degree of people's annoyance because of
essential dispersion of results of various investigations, differences and limitation of ranges of
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conditions of conducted investigations. Therefore the authors consider conclusions and assessment
methods formulated in the report to be advisable recommendations until a deeper understanding
of the problem is achieved.
Level of propagation of meaningful degree of annoyance (i.e. a share of highly annoyed population
- HA%) was chosen as a predicted indicator of population response, as there is no metrics which is
thoroughly investigated and clearly superseding it, and its application allows comparing results of
assessment with assessments in the field of ordinary noise. The average noise level for 24 hours
(CDNL or LCDN) which is corrected according to the scale C is chosen as impact metrics of impulse
noise. Choice of CDNL was governed not by its high correlation with HA%, but by the combination
of a number of reasons:
– use of DNL for determining transport (city) noise which has already been adopted by the
community as satisfactory;
– integral noise metrics, such as DNL, allows comparing effects of various combinations of noise
sources and conditions of their impact;
– measurements with the frequency correction according to the scale A may not recognize high
energy impact sounds of prevailing low frequency energy and poorly reflect secondary irritating
effects caused by vibration of structures;
– the use of frequency correction according to the scale A may lead to erroneous conclusions
implying that measures efficient in subduing ordinary noise are efficient in subduing high energy
impact noise as well;
– values of the sound level corrected according to the scale A for sound impacts with equal peak
pressure may differ by 20 dB and more, while the sound level corrected by the scale C is sufficiently
persistent and connected with the peak pressure.
As a result CHABA experts recommended two alternative methods of forecasting (assessment) of
the share of population which is greatly irritated due to high energy impact noise:
Method 1 (Figure 20) is based on the hypothesis of "equal energy" implying growth of irritating
impact in direct proportion to the increase of the sound level and sound duration (implying equal
importance of both effects), as it is adopted in standardization of total (traffic) noise.

Percentage of greatly irritated population
(HA%)
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СНАВА 1996
НА% = 1/ехр[10^(0.045*(61.1-Lcdn))]
СНАВА 1981
НА%= 1/(1+ЕХР(11.17-0.153*Lcdn))
Schultz curve (for ADNL)

The average sound level during 24 hours corrected
НА%=by
1/(1
the+ЕХР(10.4-0,132*Ladn))
scale C for high energy
impact noises (CDNL), dBs
Figure 20: Percentage of population greatly irritated because of high energy impact noise (CHABA 1996,
method 1)

Method 1 is adaptation of the model published by the scientists Green and Fidell (1991). According
to method 1 percentage of population greatly irritated due to high energy impact noise (HA%) is
determined using the following dependancy:
HA% = exp[-10^(0.045 * (D' – LCdn))],
– where: D' is a constant accepted to be equal to 61.1 and employed for minimization of dispersion
of accessible results of investigation of the population response to high energy impact noise.
Herewith it is implied that CDNL is calculated on the basis of single events of impact noise, if CDNL
of a single event exceeds 85 dB in the daytime and 75 dB at night.
Method 2 is based on the research of Schomer laboratory assuming that precision of forecasting the
population response will be higher if separate sound events with a bigger CSEL value are assigned
bigger weight factors (the method of summability depending on the level) while defining the
integral CDNL, as the experiments showed a quicker growth of irritation caused by the increase of
a single CSEL event than by the increase of the number of events. This method introduces special
metrics for noise - the annoyance unit, Pa2·s (annoyance unit - AU) numerically equivalent to the
metrics of noise impact and calculated according to the formulae (Figure 21):
AUC = 8 * 2^[(LCE – 103)/1.5]
AUA = 8 * 2^[(LAE – 103)/3]
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Figure 21: Dependence of annoyance units on the sound impact level

For non-impact noise measured in ASEL, annoyance units AUA reflect the characteristic dependancy
of annoyance doubling when increasing ASEL by 3 dB, and for impact noise - the revealed
dependancy of the fourfold increase of annoyance when increasing CSEL by 3 dB. By analogy with
DNL (LAdn), the average level of the annoyance unit for the day-night AUDNL, which is considered
to be the basic level when forecasting (assessing) percentage of population greatly annoyed by high
energy impact noise, is calculated using annoyance units for each sound event instead of the ratio
E/E 0.
Taking into consideration the fact, that method 1 is based on the hypothesis of equal energy, which
may not be sufficiently correct for high energy impact noises, CHABA experts recommend using it
when impact levels of impulse sounds do not vary by value or when information about distribution
of impact levels among separate events of impact sounds is not accessible. When possessing detailed
knowledge about the impact level of each sound event, and when these values vary greatly, it is
recommended to use method 2.
1.2.4.2.2
Standard MIL-STD-1474E
MIL-STD-1474 is an American standard establishing maximum permitted noise levels created by
military systems (objects). This standard defines design requirements to military objects and
contains norms of noise on the territories of personnel allocation; these norms must be complied
with when designing the objects. In 2015 the new edition of this standard MIL-STD-1474E was
adopted, it replaced the previous edition MIL-STD-1474D of 1997.
The standard determines that on all places of personnel allocation the noise level in the ear (a
protected or a non-protected one) must be less than 85 dBA for constant noise and less than 140 dB
for impact noise peak pressure. Notwithstanding the ear protection, personnel must not be exposed
to the persistent noise with the level of more than 150 dB.
Apart from this, for impact noise equal to or exceeding140 dB the standard (for assessment of
efficiency and choice of individual means of ear protection) envisages noise assessment by two
criteria (metrics):
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– ARU (Auditory risk unit) is a special unit of noise impact developed for assessment of the
influence of impact noise on the human ear within the framework of the mathematical model
Auditory Hazard Assessment Algorithm for Humans (AHAAH). AHAAH models acoustics
processes going on in the human ear (in its separate elements). It may be said that the basic
designation of AHAAH model is assessment of efficiency of the use of up-to-date individual means
of ear protection, when taking into consideration nonlinearity of processes. If the risk of hearing loss
is taken into account, permitted impact values are considered to be equal to 500 ARU for the period
of 24 hours for impacts taking place not more than once a week, and 200 ARU for the period of 24
hours for more regular impacts.
– LIAeq100ms is metrics based on the hypothesis of "equal energy" characterizing the equivalent total
impulse energy calculated for the time interval of 100 milliseconds. This metrics allows not only to
assess a dose of a single impact noise event, but also to obtain the integral noise assessment for
several impulses and sources of constant noise. A special normalized variable is the total dose of
noise impacts (calculated in percentage) which must not exceed 100% and which is defined for one
impulse according to the formula: DI(%) = 100 / 2^[(85 – LIAeq8hr)/3], where LIAeq8hr is given for the 8hour period LIAeq100ms, taking into account the correction of the impulse A-length stipulated by the
standard (the period from the impulse start till the first moment of the basic atmosphere pressure
restoration).
According to the standard these criteria concern the impact noise created by aircraft. The standard
contains the corresponding requirements to the systems and methods of impact noise measurement
as well.
The article by B.W. Hohmann «Assessment of Impulse Noise Regarding Harmfulness to Hearing»
(Switzerland) contains the results of comparison of ARU units with the values of the impact noise
level corrected by the scale A (LAE) which were obtained for impulses of various levels, length and
spectrum (Figure 22).
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Figure 22: Correlation of ARU units and the level of sound impact LAE of impact sounds (from the article by
B.W. Hohmann)

The results of comparison indicate certain correlation between these assessments and L AE, without
denying a more precise assessment of risk using the model AHAAH. As mentioned in the article
the permissible value of 500 ARU approximately corresponds to LAE = 124 dBA, which in its turn
corresponds to the criteria of the hearing impairment risk from impact noise (the impact level of
120/125 dBA) being in force in Switzerland. The author of the article draws the conclusion about
applicability of the frequency correction by the scale A to assessment of impact sounds. It should be
recalled that in Russia SanPiN 2.2.4.3359-16 determines the limit of the maximum A sound level
measured with the time correction I (0,035 s) to be equal to 125 dBA, for job placements.
1.2.4.2.3
Standard ANSI S12.9-2005/Part 4
Standard ANSI S12.9-2005/Part 4 «Quantities and Procedures for Description and Measurement of
Environmental Sound - Part 4: Noise Assessment and Prediction of Long-Term Community
Response» is harmonized according to the international standard ISO 1996-1:2003, however
regarding high energy impact noise it has an additional application for assessment of probability of
appearance of complaints against noise caused by explosions, guns shooting (Table 26). The level of
peak pressure (without frequency correction) is considered as a criterion.
Table 26: The risk of complaints against impact noise of guns with a big gauge (ANSI S12.9-2005/Part 4)
The risk of complaints

The level of peak pressure
(without frequency correction), dB
Low
< 115
Average
115 – 130
High
130 – 140
Danger of physiological ear injury
> 140

The standard pays attention to the fact that the level of peak pressure may substantially change
beyond impact noise sources depending on meteorological conditions (up to 25 dB), which should
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be taken into account when normalizing noise, e.g., by means of introduction of permissible
tolerance probability.
The following may draw attention: regarding low-frequency noises (in octave bands of 16, 31,5 and
63 Hz) the standard determines that for the purpose of prevention of population irritation from
rattling ( noises arising as the result of buildings vibrations caused by low-frequency noise) the level
of sound pressure of low-frequency noise must be lower than 70 dB.
1.2.4.2.4
Army Regulation 200-1
Regulation AR200-1 lays the foundation of management in the field of environmental protection for
all organizations of the USA army. Section 14 is devoted to the problem of noise. The established
AR200-1policy in the field of noise determines the necessity of taking measures in minimizing the
negative impact of noise produced by the army, including reduction of irritation impact on the army.
AR200-1 takes into account effective American standards and contains a table of risks of complaints
appearance against impact noise of guns with the large gauge from ANSI S12.9-2005/ Part 4 (Table
26); its only difference is that the level of peak pressure is limited by the probability of being
exceeded in more than 15% of cases due to weather conditions. This value is designated in regulation
as РК 15(met) and implies noise variation depending only on weather conditions, not on the type of
noise source. If there are several noise sources, РК 15 (met) is assessed for the loudest source.
Average noise level during a day-night (DNL) is the basic indicator of military noise, except for
shooting weapons. The night period is from 22 till 7 o'clock, noise correction during the night period
is +10 dB. If necessary, additional noise metrics are used, such as: PK 15(met) or CSEL for assessment
of impact of singular noise events (including those caused by explosions), PK 15(met) or ASEL for
assessment of noise impact from guns, LAmax for assessment of noise impact from low-flying aircraft.
Noise limitation is performed with due regard to various types of land tenure (Table 27). It is
considered that land tenure subjected to noise (territories of house apartments, schools, medical
institutions) is acceptable in the noise zone I (including zone LUPZ) and is not usually recommended
in noise zone II, as well as in noise zone III. Zone LUPZ (Land use planning Zone) is considered to
be a boundary zone in which during certain yearly periods noise conditions may correspond to zone
II, for this zone low population density is considered. In order to make decisions about land tenure
the risk of complaints against high energy impact noise must be additionally taken into account in
conformity with Table 27. Land tenure sensitive to noise is avoided in areas where PK 15(met) is
from 115 to 130 dB (average complaints risk) and is not strongly recommended in areas where PK
15(met) is bigger or equal to 130 dB (high complaints risk).
Table 27: Noise limits for various noise zones (AR200-1, 2007)
Noisy
Limits of noise level
zone Aviation noise,
Impact noise
Noise of shooting (small) guns,
ADNL, dBA CDNL, dBS
PK 15(met), dB
HA% *
LUPZ
60 - 65
57 - 62
not applicable
I
< 65
< 62
< 15%
< 87
II
65 - 75
62 - 70
15% - 39%
87 - 104
III
> 75
> 70
> 39%
> 104
* – data about HA% are taken from the article «Evolution of Metrics Used to Assess Community Response to
Blast Noise», published in Military Operations Research, V18 N1 2013.
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Regulation underlines that in case of forced approval of land tenure sensitive to noise in zone II,
stricter requirements to sound-proofing of buildings (degree of noise absorption should be
minimum 25-30 dB) must be applied; and for the purpose of reduction of noise impact on people
outside buildings sound-reflective screens and other similar means of protection from noise should
be applied.
If zone II is subjected to high energy impact noise from explosions or large-calibre guns, sensitive
land tenure in zone II is not strongly recommended, as there is no scientifically founded method of
proving the achievement of the required level of sound insulation of buildings from such impact
noise. External protection means like sound-reflecting screens are not as a rule efficient for
protection from such noise.
1.2.4.3 Canada, Guinea, Ireland, Finland
The Ministry of health in Canada (Health Canada) in 2017 issued the manual «Guidance for
Evaluating Human Health Impacts in Environmental Assessment: Noise» for assessment of
infrastructure and other projects from the point of view of noise impact produced by them on
population. The Guidance takes into consideration the fact that for urban and suburban territories
remotely located from industrial objects and transport trunk lines the normal noise level is 52-57
dBA (Ldn), and for quiet territories it is about 47 dBA.
Regarding impact noise from explosions, the administration is of the opinion that its regulation must
be carried out independently of total noise indicators values. As mentioned in the manual,
recommendations contained in it are based on recommendations US EPA 1974 for sound impacts;
in accordance with the latter recommendations the corresponding number (N) of sound impacts in
the daytime does not cause population irritation (or causes slight irritation), if the level of peak
pressure (without frequency correction) is lower than (125 -10 · lg N) dB (Figure 23). Health Canada
recommends this approach for assessment of projects including explosions during the period which
is less than one calendar year. If explosions during the period exceeding 1 year are envisaged, it is
proposed to use assessment methods described in ISO 1996- 1:2003.
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Figure 23: Permissible level of peak pressure of impact noise from explosions depending on their number a
day (Health Canada, «Guidance for Evaluating Human Health Impacts in Environmental Assessment:
Noise»)

In Canada, as well as in the USA noise norms are not set on the federal level, noise regulation is the
competence of local authorities there. For example, in the province of Ontario in 1978 the maximum
level of peak pressure of 120 dB was set for explosive works.
In Guinea works in developing of iron fields in Simandou are being conducted. According to
ecological assessment of Simandou project prepared by the company Rio Tinto it was underlined
that there are no national noise norms for localities as well as rules of conducting explosive works
in Guinea. Therefore, while developing the project, various known recommendations and noise
standards including WHO recommendations, recommendations of the World Bank, Government of
Australia and others were investigated. As a result the system of noise impact criteria was formed
(Table 28). Regarding high energy impact noise from explosive works, the level of peak pressure
less than 115 dB which does not significantly influence territories of house apartments location, was
considered to be the specified indicator.
Table 28: Criteria of assessment of noise impact for territories of housing construction in the vicinity of
Simandou (Guinea)


Operational noise
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Noise from explosive works



Construction noise

The Irish EPA recommends that on the territories sensitive to noise the equivalent noise level defined
for 1 hour does not exceed 55 dBA for the day time (08:00 -20:00), and at night (20:00 - 08:00) the
equivalent noise level defined for 15 minutes should not exceed 45 dBA. With reference to new
projects it is recommended to avoid tonal and impulse sounds at night.
Regarding impact noise from explosive works, recommendations of Irish EPA include limitation of
peak pressure level without frequency correction by the value 125 dB (with the confidence interval
95%). Herewith the permitted time of explosive works must be set.
In Finland in 1997 the Government decision №53 about guiding principles with respect to noise
levels caused by shooting (VNp 53/1997) was adopted; in accordance with this decision the
maximum noise level with the time constant I (impulse) was regulated for the territories of housing
construction. Permissible levels LAlmax were equal to 65 dBAI for the territories with housing
apartments, educational institutions, and for houses and recreation zones, parks they were equal to
60 dBAI.
The Government decree of Finland № 903/2017 with respect to noise from heavy armament and
explosions states that, when planning land tenure on the territories of housing construction, the
general norms of continuous noise impact must be complied with in relation to the assessment level
LRden≤ 55 dBA implying noise impact correction defined to be equal to 15 dBA. Furthermore, the
decree states that the noise impact level on the territories of housing construction, which is caused
by explosions and heavy armament shooting and corrected according to the scale C, should not
exceed 105 dBS (LCE≤ 105 dBS) in the daytime. With respect to national parks the decree defines the
norms 5 dB stricter in accordance with LRden and LCE.
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It is noteworthy that the decree of the Government of Finland №903/2017 was adopted in 2017 and
brought into force only on 01.01.2018, i.e. it reflects the present-day views of the Government of
Finland regarding the problem of standardization of high energy impact noise.
1.2.4.4 Correlation of norms of high energy impact noise being in force abroad with the sound
impact parameters
As stated above, people's response to noise impact of blast waves from explosions is similar to their
response to the sound impact from the supersonic flight, therefore the standards and
recommendations considered above may be applied to standardization of the sound impact level
(some of them directly mention this fact). At the same time the conducted analysis showed that no
final decision regarding irritating impact of high energy noise has been found yet, which stipulates
periodic changing of recommendations, as well as different assessments of permissible levels of
impact noise including those undermining adequacy of some standards.
However, judging from the conducted analysis it is clear that the peak pressure level of 115 dB
without frequency correction is a sufficiently widespread characteristic of the permissible level of
high energy impact noise. Such level corresponds to the peak pressure value of approximately 11
Pa, which is close to the presently considered values for a new supersonic aircraft with the lowered
level of sound impact in a set cruising flight.
If assumed that a dose of sound impact noise with this peak pressure level is about 18 Pa2·с, the noise
impact level corrected by the scale C LCE (CSEL) will be equal to about 91 dBS (if the sound impact
spectrum analyzed in section 2 of this report is taken into account). Respectively the value of the 24hour assessment level LCdn (CDNL) calculated only for sound impacts, as it is stipulated in CHABA
1996 method 1, will be equal to approximately 51 dBS for 10 sound impacts of such level during the
daytime period. In accordance with CHABA 1996 method 1 about 6% of persistently annoyed
population correspond to the value LCdn, which, in our opinion, may be considered to be quite an
acceptable per cent.
Parametric analysis of this example shows that (Figure 24) similar level of persistently annoyed
population (about 6%) may be obtained with the peak sound pressure of 20 Pa and with 3 sound
impacts for 24 hours. The peak sound pressure level of 120 dB corresponding to pressure of 20 Pa is
also acceptable in some standards.
However, it shouldn't be forgotten that there is no correlating dependence of the share of annoyed
population on the level of high energy impact noise in the world; the conducted research shows a
significant dispersion of possible population reactions. In this connection the world consensus may
be achieved under stricter requirements to impact noise than it is stipulated by CHABA
recommendations and the considered standards.
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mainly use the noise assessment level for a day-night with the frequency correction by the scale C
(CDNL or LCdn) and the peak level of the sound pressure with the probability of its being exceeded
due to the meteorological conditions by 15% (PK 15(met) or PK15):
– CDNL is considered to be the main value characterizing the degree of annoyance impact noise
for a long period (a month, a year). It is calculated on the basis of levels of CSEL noise impact of
separate events of high energy impact noise. For the night period (from 22 till 7 o'clock) typical
correction of +10 dB is stipulated.
– PK 15(met) is considered to be an additional characteristic of separate events of impact noise.
Due to complexity of consideration of influence of weather conditions on propagation of high energy
impact noise, this metrics stipulates a possibility of exceeding of standardized pressure level in 15%
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cases of impact noise from a single concrete noise source. If there are several noise sources, РК 15
(met) is assessed for the loudest source
Established norms of high energy impact noise for military objects and territories adjacent to them
are the following:
– everywhere the level of peak sound pressure in the ear (protected or non-protected) should be
less than 140 dB (without frequency correction );
– on the territory of allocation of housing apartments, schools, medical institutions the assessment
noise level for a day-night with the frequency correction by the scale C (CDNL) must be less than 62
dBS given that territories with CDNL having more than 57 dBS are considered for thinly populated
territories;
– on the territory of allocation of housing apartments, schools, medical institutions the indicator
of the level of peak sound pressure PK 15(met) must be less than 115 dB (without frequency
correction).
3. Well-known norms and recommendations about the level of high energy impact noise during
explosive works in Australia with respect to the maximum level of peak pressure on the territories
sensitive to noise are similar to American norms; they establish this level to be equal to 115 dB
implying the possibility of its exceeding in 10%cases, but not more than 120 dB. Similar
recommendations are practised in Canada where the permissible level of peak pressure is in
logarithmic dependence on the number of explosions and is equal to 115 dB for 10 explosions a day
and maximally 125 dB for 1 explosion. It is stipulated that explosions must not be conducted at night.
When assessing ecological safety of the mining project in Simandou in Africa the target level of peak
pressure of 115 dB was considered to be non-essential (not producing significant annoying effect).
4. Assessment (prediction) of population response to the continuous annoyance noise impact is
performed according to the widely spread characteristic "share of annoyed population" (HA%).
Notwithstanding the common opinion about stronger annoyance noise impact in comparison with
ordinary motor transport noise, there is no single common dependency HA% on any characteristic
of high energy impact noise level. While investigating this problem and developing the normative
basis, various alternative variants were considered:
– Direct application of CDNL quantity instead of ADNL for the dependancy created by Schultz
for motor transport noise ( in Schultz curve) or its later clarified versions;
– application of additional correction to CDNL and further use of corrected CDNL in Schultz curve
and its analogs;
– application of special dependencies HA% on the quantity CDNL or additional corrected CDNL
produced on the basis of the results of investigation of population response;
– application of special dependencies HA% on characteristics different from CDNL (e.g., from the
value PK 15(met)).
It is not known which particular variant laid the foundation for high energy impact noise norms,
although CHABA (Committee on Hearing, Bioacoustics, and Biomechanics) recommendations are
sometimes mentioned in various guidelines and reports:
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– In CHABA recommendations 1996 the simplest method of assessment of the share of persistently
annoyed population from high energy impact noise suggested the following dependency: HA% =
exp[-10^(0.045 * (D' – LCdn))], which was characterized by sufficiently sharp growth of persistently
annoyed population and was equal to more than 4% at 50 dBS and 20% at 56,5 dBS. Previous
CHABA recommendations 1981stipulated a share of annoyed population which was twice less in
the range of approximately 50-70 dBS.
– Obviously, CHABA recommendations 1981 laid the foundation of the USA military standards
AR200-1, because according to them the norm of 62 dBS corresponds to approximately 15% of
annoyed population, and the one of 57 dBS - to the share of annoyed population which is twice less
(this is also confirmed in the article «Evolution of Metrics Used to Assess Community Response to
Blast Noise» published in Military Operations Research, V18 N1 2013). Judging by the latest
recommendations CHABA 1996 the USA standards are out-of-date, because 62 dBS correspond to
40% of persistently annoyed population, which can scarcely be considered as an applicable level for
territories sensitive to noise.
5. It should be underlined that the peak pressure level of 115 dB corresponds to the pressure
approximately equal to 11 Pa. If assumed that a dose of sound blast noise with this peak pressure
level is equal to 12-18 Pa2·с, CDNL will be equal to approximately 50 dBS with the spectrum of the
sound blast for 10 sound blasts a day analyzed in section 2, which in accordance with method 1
CHABA 1996 corresponds to approximately 4-6% of persistently annoyed population. It correlates
with the norms used in Australia and Canada permitting 10 explosions a day by the level of peak
pressure of 115 dB.

1.2.5 Conclusion
Within the framework of scientific and research works "Analysis of impulse noise standards in force
in the Russian Federation and abroad and their correlation with the preliminary requirements to the
sound blast level of civilian aircraft" a complex of investigations has been carried out, which
includes:
– analysis of norms and regulations in force in Russia regarding supersonic flights of civilian
aircraft;
– analysis of local recommendations and noise norms applicable in Russia, including impulse
noise caused by explosions and armament;
– assessment of correlation of local norms applicable in Russia with the parameters of sound blast
of supersonic aircraft.
The results obtained allow making a conclusion that the international practice of noise
standardization is based on the available knowledge about negative consequences of noise impact
on a man; among them physical injuries and hearing impairment (including continuous noise
impact) are considered to be basic for industrial processes; for the territories of housing construction
the main consequence is population annoyance.
Sufficiently high degree of investigation of traffic noise impact determines comparability of
recommendations and norms concerning ordinary urban noise existing in many countries of the
world which may be characterized by the equivalent noise level in the daytime being not more than
55 dBA and at night - not more than 45 dBA. It is considered that meanwhile not more than 3-4% of
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population are strongly annoyed by noise. Maximum noise level may exceed the permissible
equivalent level approximately by 15 dBA. If there are impulse noises producing stronger annoying
impact, additional correction of 5-12 dBA is applied.
However these norms of city noise are not as a rule applied to high energy impulse noise (which
includes sound blasts from a supersonic flight, as well as noise from explosive works and heavy
armament) due to peculiarities of its impact. Any consensus about methods of assessment and
standardization of high energy impact noise has not been reached yet, which determines diversity
and permanent actualization of existing recommendations and norms. Comparatively widely
recognized in this field is the threshold of 140 dB for peak pressure level; ear trauma below this level
(physiological injury) is unlikely.
Taking into consideration provision of the applicable level of population annoyance on the territory
of housing construction, one may say that the peak pressure level which is less than 115 dB without
frequency correction (which approximately corresponds to 11 Pa) is a sufficiently widely spread
norm of high energy impact noise for the daytime with the number of sound events (sound blasts)
not more than 10 during 24 hours .
There also exists practice of using the assessment indicator of the average sound level for a daynight corrected by the scale C (LCdn or CDNL) FOR THE PURPOSE OF STANDARDIZATION OF
HIGH ENERGY IMPULSE NOISE. In conformity with frequently cited CHABA recommendations
(U.S. Committee on Hearing, Bioacoustics, and Biomechanics) this indicator may be connected with
the share of population strongly annoyed by noise (HA%) by means of the following dependency:
HA% = exp[-10^(0.045*(61.1–LCdn))]. According to this dependency the share of strongly annoyed
population of 6% is achieved when LCdn = 51 dBS and of 15% when LCdn = 55 dBS. Judging by the
parameters of sound blast LCdn= 51 dBS may correspond to10 sound blasts a day with peak pressure
level of 11 Pa (115 dB) or 3 sound blasts a day with the level of peak pressure of 20 Pa (120 dB).
It may be expected that the sound blast of a supersonic aircraft with the peak pressure level up to
11Pa will meet the existing norms of high energy impulse noise for the territory of housing
construction, judging by the provision of an applicable share of strongly annoyed population
(approximately up to 6%). For the sound blast with the peak pressure level 15-20 Pa the requirements
of sanitary norms may be met in accordance with the maximum sound level LAmaxtaking into account
correction of the sound impulse (60-65 dBA) in case the time of pressure rise of the N-wave is about
8 ms or more.
Search of metrics of the sound blast adequately reflecting the degree of its annoying impact on
people is one of the key tasks when working out the ICAO standard and national norms.
The present conclusion is based on the following main results and conclusions of the conducted
research:
1. During the period of creation and the start of operation of the first generation civilian superjets
p ~ 90-110 Pa or more than 130 dB) in a set cruising flight,
many countries of the world legally prohibited supersonic flights of civil aircraft over their
territories.
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2. Permission of regular supersonic flights over the main land of the Soviet Union was of political
nature and concerned only airplanes Tu-144, it was practically realized during the limited time
period (less than 1 year) with the low frequency of flights (1 time a week). The high noise level was
mentioned as one of the reasons of termination of the programme Tu-144. The standard about the
sound impact level (GOST 23552-79) developed in the USSR was significantly of formal character
and was not practically used, as it was brought into force after termination of Tu-144 operation.
3. Lack of proposals of civil supersonic airplanes of the second generation by the aircraft building
branch stipulated saving of the normative basis of supersonic flights created in 1970s, practically
without changes up to the present time. As there are no civil supersonic airplanes, supersonic flights
of military aviation are performed in specially designated areas of air space far from settlements, as
a rule, in order to prevent significant sound blast impact on the population.
1. The problem of noise rationing is quite complex, due to the subjective and, to a certain extent,
individual perception of noise by people (which, in turn, creates uncertainty in people's reaction to
noise), as well as the diversity of noise exposure conditions, the presence of historical features of the
formation of residential buildings, the location of highways and industrial facilities.
International practice is to establish norms of noise, based on knowledge of the impact of different
types of noise on the health and well-being of people, as well as on the basis of the current level of
the country's socio-economic development and the associated level of technology development. In
this regard, the rationing of noise evolves from the first norms of the last century, which did not
ensure the preservation of people's health, to more stringent, target values of the norms, when noise
would not cause noticeable irritation in people.
There are no uniform standards and recommendations for the level of noise in the world. The
establishment of regulatory values for permissible noise is the prerogative of the national executive
authorities, and sometimes falls within the competence of the authorities of the administrativeterritorial units of states (as, for example, in the USA, Australia, Canada). The presence of national
characteristics is also characteristic of the regulatory framework in the field of noise, including the
historical features of its formation. As a rule, the regulatory framework includes a fairly extensive
list of regulatory documents that regulate various aspects of the noise problem and sometimes
overlap in parts.
5. It is generally agreed that impulse noise is more annoying to people than ordinary constant noise
(for example, road noise). International standards for rationing noise on the ground suggest taking
into account the presence of impulse noise by adding to the results of a control measurement or
assessment of noise an appropriate (normatively established) fixed correction in decibels, their value
according to the recommendations of ISO 1996 (GOST 31296) being 5-12 dB.
In accordance with standard international practice, the sound impact from a supersonic flight of an
aircraft refers to high-energy pulsed noise, which also includes the noise from explosions (when the
mass of the TNT equivalent exceeds 50 g). For such types of noise ISO 1996 (ГОСТ 31296) defines
special approaches to its evaluation and measurement of its irritating qualities, but the uniform
recommendations on this issues still do not exist.
Since the presence of high-energy impulse noise sources is not typical for residential (urban)
development areas, the noise norms for such areas with other impulse noise are usually limited to
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establishing an appropriate impulse noise correction, as provided by the international standard ISO
1996 (GOST 31296 ).
6. In accordance with the manual "Guidelines for Community Noise" of the World health
organization (WHO) published in 1999 and devoted to prevention of mechanical injury of the inner
ear, adult people must never be subjected to the impact of dynamic sound pressure Lpeak of more
than 140 dB and children -of more than 120 dB. In order to avoid sharp hearing impairment LAFmax
must always be lower than 110 dBA, and for prevention of hearing impairment under long noise
impact LAeq, 24hmust not exceed 70 dBA (on job placements LAeq, 8h- 75 dBA). To prevent medium and
severe irritation of the population by noise in the residential area, the equivalent noise level L Aeq
during the day should be no more than 50-55 dBA, and at night, so as not to interfere with sleep, no
more than 45 dBA, with L AFmax at night no more than 60 dBA.
The WHO manual states that, at the time of its writing, there was no consensus on a model that
would uniquely determine the level of stimulation from impulsive sounds and from a combination
of various noise sources. Therefore, among the quantitative recommendations on the noise level for
pulsed noise, only the limiting value of the instantaneous peak pressure is given, based on the
possible hearing loss (ear injury), which is 140 dB (200 Pa) for adults and 120 dB (20 Pa) for children
(measured at a distance of 100 mm from the ear).
7. In the Russian Federation, the general norms of noise in residential areas and in residential and
public buildings are set by sanitary norms SN 2.2.4 / 2.1.8.562-96, at workplaces - by sanitaryepidemiological rules and standards SanPiN 2.2.4.3359-16. Additionally, the sanitary norms SN
2.2.4/2.1.8.583-96 establish requirements for infrasound in residential premises and on the territory
of residential development. The noise standards are not one, but a whole set of values of the
maximum allowable levels, due to several simultaneously normalized noise parameters (indicators)
and different acceptable values of these parameters, depending on the purpose of the premises and
territories.
The most stringent are the requirements for recreation areas in the territories of hospitals and
sanatoriums, where even during the daytime the equivalent sound level should not exceed 35 dBA
and the maximum - 50 dBA. The highest values of permissible daytime noise are allowed for the
territories immediately adjacent to public buildings - 60 dBA and 75 dBA, respectively. Allowable
noise levels in residential areas are 55 dBA for L Aeq during the day and 70 dBA for L АSmax , and at
night - 45 dBA for L Aeq and 60 dBA for L АSmax that fully complies with the recommendations of the
WHO.
For tonal and impulse noise a fixed correction of 5 dBA is provided, which corresponds to the
recommendations of the international standard ISO 1996 (GOST 31296). Limit values are provided
for workplaces for peak sound level C of 137 dBs, as well as for maximum sound level A, measured
with time corrections S and I of 110 dBA and 125 dBA, respectively.
8. The conducted shows the similarity of the situation with the general rationing of noise on the
ground abroad and in Russia, and, despite the variety of regulations in this area, allows us to draw
a number of general conclusions regarding the rationing of noise on the ground.
Considering, as a characteristic indicator, the permissible noise level in the territory of the location
of residential buildings, we can note the universal desire to achieve an average estimated noise level
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for the day-night L dn at no more than 55 dBA (or L Aeq no more than 55 dBA during the day and 45
dBA at night), which, according to various estimates, provides for the majority of the population
protection against severe irritation and sleep disturbance due to noise (Table 29).
Table 29: Comparison of maximum permissible noise levels (dBA) for the territory of location of mainly
residential buildings in some countries of the world
Country

Ldn
Lden

Leq
LAFmax
LASmax
Corection for
daytime night daytime night daytime night
impulse
WHO
50-55
45
60
IFC
55
45
Russia
55
45
70
60
5
Australia *
50-55 40-47
65-70
55
10
Germany
50-55 35-40
80-85 55-60
3-6
Italy
52-55 42-45
6
Portugal
55
45
USA *
55-65
45-55
5-8
* - federal recommendations and regulations of individual regions of the country.

At the same time, there is a widespread practice of applying the established stringent noise
standards in full only to newly created or reconstructed facilities and territories. In the areas of
residential (urban) development that have been existing for a long time, the actual noise level in
certain territories often exceeds these norms. This determines the presence in all countries of the part
of the population living at excessive noise levels. At the same time, it is not viewed by governments
as a normal situation, and they develop plans and take possible measures to improve the noise
situation.
As a rule, for urban areas with developed commercial activities and a developed transport network,
as well as for areas near highways, norms of permissible noise on the ground are 5-10 dBA higher.
But the construction of houses in these areas may be burdened with the requirements of increased
sound insulation of buildings and the adoption of other measures to protect the population from
noise.
In accordance with recognized international practice, the presence in the territories of residential
development of pulsed noise , in the general case, is taken into account by adding to the measured
(calculated) noise level (or by subtracting from the permissible noise levels) the corresponding
correction — a predetermined amount in dBA. The amount of correction varies from 3 to 10 dBA. In
workplaces, impulse noise is limited to an instantaneous peak pressure of 135-140 dB or 140 dB,
considering that such a sound pressure level may already lead to hearing loss and ear injury. (For
broadband noise without pronounced low and high frequencies, the use of C-correction practically
does not change the value of the sound level).
9. Based on individual examples of the sound impact spectrum from a supersonic flight of an aircraft,
it can be noted that for sound impact (unlike road noise), due to the presence of a significant amount
of energy in the low frequency range (less than 30 Hz), the choice of frequency correction is essential
in estimation of the sound level.. In the considered example of the spectrum of the sound blast in
the one-third octave bands even the use of frequency correction on the C scale leads to a decrease in
sound level by 16 dB relative to the level without frequency correction, and the use of frequency
correction on the A scale leads to approximately 40 dB.
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But even in this case the sound level of 70 dBA (which is the daily maximum value L Amax for Russia,
Australia) is provided with the sound pressure value of the sound impact of only about 7 Pa. And
taking into account the correction for impulse noise limit values L Amax at 60-65 dBA are provided
when the sound pressure value of a sound impact is about 2-4 Pa. If we are guided by the approach
recommended by 24 CFR Part 51 of the USA for impulse noise, the results of the impulse sound
evaluation in dBs are compared with the normative noise values in dBA, then the norm of 70 dBs is
provided with a sound pressure value of only about 0.4 Pa.
Considered to be achievable for supersonic airplanes of the new generation, the sound impact level
of 15-20 Pa with the spectrum under consideration corresponds to the sound level of 101-104 dBS or
76-79 dBA. This is below the established peak pressure level, based on a possible ear injury - 135137 dBS, but above the regulatory sound levels established in a number of countries, based on
protecting people from severe irritation and preventing hearing loss. Reducing the sound impact
noise level in dBA (and in PLdB) to the normative values of the maximum sound level in residential
areas in a number of studies can be achieved by increasing the N-wave pressure rise time (up to
about 8 ms) or changing its shape.
However, such a direct comparison is not entirely correct, since the existing noise standards are
based on the reaction of people to ordinary urban noise, and their response to the sound impact, as
studies show, is different, but has not yet been fully studied.
10. In any case, when developing a sound impact standard, it is necessary to take into account the
existing noise standards on the ground, since the world community is unlikely to perceive positively
the deterioration of the noise situation in residential areas due to the start of operation of supersonic
airplanes. In this aspect, taking into account the short-term impact of a sound strike and assuming
low intensity of supersonic flights over a specific territory (a single number of flights per day), the
normalized maximum sound level taking into account impulse correction (which can be estimated
on average as 65 dBA) can be considered as a checkpoint.
A more rational guideline, given the insufficient knowledge of the impact of sound shocks on the
population, seems to be the permissible percentage of people who are highly irritated by noise,
which is the basis for normalizing noise in residential areas. Based on GOST 31296.1-2005 and ISO
1996-1: 2016, the most common norm L dn = 55 dBA corresponds to 3-4% of the population, strongly
irritated by road noise. It is likely that the same percentage of the population, strongly irritated by a
sound strike, will be perceived as acceptable. The search for the metric of sound impact, which
adequately reflects the degree of its irritating effect on people, is in this aspect one of the key tasks
when developing the ICAO standard and national norms.
11. The problem of assessment of annoying impact and negative influence on hearing of high energy
impact noise has not been fully studied yet; standards and recommendations existing in this field
are basically of temporal character and are periodically revised. The threshold of 140 dB for peak
pressure level is most widely adopted; ear trauma below this level (physiological injury) is unlikely.
Insufficient investigation of this problem stipulates existence of various assessment methods of high
energy impact noise and its irritating affect, including those with special metrics, such as annoyance
unit AU (annoyance unit) in CHABA recommendations, auditory risk unit ARU (auditory risk unit)
in the USA military standard MIL-STD-1474E.
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12. For assessment of local high energy impact noise and prediction of its annoying impact on the
population (lower than the threshold value of 140 dB) military normative documents of the USA
mainly use the noise assessment level for a day-night with the frequency correction by the scale C
(CDNL or LCdn) and the peak level of the sound pressure with the probability of its being exceeded
due to the meteorological conditions by 15% (PK 15(met) or PK15):
– CDNL is considered to be the main value characterizing the degree of annoyance impact noise
for a long period (a month, a year). It is calculated on the basis of levels of CSEL noise impact of
separate events of high energy impact noise. For the night period (from 22 till 7 o'clock) typical
correction of +10 dB is stipulated.
– PK 15(met) is considered to be an additional characteristic of separate events of impact noise.
Due to complexity of consideration of influence of weather conditions on propagation of high energy
impact noise, this metrics stipulates a possibility of exceeding of standardized pressure level in 15%
cases of impact noise from a single concrete noise source. If there are several noise sources, РК 15
(met) is assessed for the loudest source
Established norms of high energy impact noise for military objects and territories adjacent to them
are the following:
– everywhere the level of peak sound pressure in the ear (protected or non-protected) should be
less than 140 dB (without frequency correction );
– on the territory of allocation of housing apartments, schools, medical institutions the assessment
noise level for a day-night with the frequency correction by the scale C (CDNL) must be less than 62
dBS given that territories with CDNL having more than 57 dBS are considered for thinly populated
territories;
– on the territory of allocation of housing apartments, schools, medical institutions the indicator
of the level of peak sound pressure PK 15(met) must be less than 115 dB (without frequency
correction).
13. Well-known norms and recommendations about the level of high energy impact noise during
explosive works in Australia with respect to the maximum level of peak pressure on the territories
sensitive to noise are similar to American norms; they establish this level to be equal to 115 dB
implying the possibility of its being exceeded in 10%cases, but not more than 120 dB. Similar
recommendations are practised in Canada where the permissible level of peak pressure is in
logarithmic dependence on the number of explosions and is equal to 115 dB for 10 explosions a day
and maximally 125 dB for 1 explosion. It is stipulated that explosions must not be conducted at night.
When assessing ecological safety of the mining project in Simandou in Africa the target level of peak
pressure of 115 dB was considered to be non-essential (not producing significant annoying effect).
14. Assessment (prediction) of population response to the continuous annoyance noise impact is
performed according to the widely spread characteristic "share of strongly annoyed population"
(HA%). Notwithstanding the common opinion about stronger annoyance noise impact in
comparison with ordinary motor transport noise, there is no single common dependency HA% on
any characteristic of high energy impact noise level. While investigating this problem and
developing the normative basis, various alternative variants were considered:
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– Direct application of CDNL quantity instead of ADNL for the dependancy created by Schultz
for motor transport noise ( in Schultz curve) or its later clarified versions;
– application of additional correction to CDNL and further use of corrected CDNL in Schultz curve
and its analogs;
– application of special dependencies HA% on the quantity CDNL or additional corrected CDNL
produced on the basis of the results of investigation of population response;
– application of special dependencies HA% on characteristics different from CDNL (e.g., from the
value PK 15(met)).
It is not known which particular variant laid the foundation for high energy impact noise norms,
although CHABA (Committee on Hearing, Bioacoustics, and Biomechanics) recommendations are
sometimes mentioned in various guidelines and reports:
– In CHABA recommendations 1996 the simplest method of assessment of the share of persistently
annoyed population from high energy impact noise suggested the following dependency: HA% =
exp[-10^(0.045 * (D' – LCdn))], which was characterized by sufficiently sharp growth of persistently
annoyed population and was equal to more than 4% at 50 dBS and 20% at 56,5 dBS. Previous
CHABA recommendations 1981stipulated a share of annoyed population which was twice less in
the range of approximately 50-70 dBS.
– Obviously, CHABA recommendations 1981 laid the foundation of the USA military standards
AR200-1, because according to them the norm of 62 dBS corresponds to approximately 15% of
annoyed population, and the one of 57 dBS - to the share of annoyed population which is twice less
(this is also confirmed in the article «Evolution of Metrics Used to Assess Community Response to
Blast Noise» published in Military Operations Research, V18 N1 2013). Judging by the latest
recommendations CHABA 1996 the USA standards are out-of-date, because 62 dBS correspond to
40% of persistently annoyed population, which can scarcely be considered as an applicable level for
territories sensitive to noise.
15. It should be underlined that the peak pressure level of 115 dB corresponds to the pressure
approximately equal to 11 Pa. If assumed that a dose of sound blast noise with this peak pressure
level is equal to 12-18 Pa2·с, CDNL will be equal to approximately 50 dBS with the spectrum of the
sound blast for 10 sound blasts a day analyzed in section 2, which in accordance with method 1
CHABA 1996 corresponds to approximately 4-6% of persistently annoyed population. It correlates
with the norms used in Australia and Canada permitting 10 explosions a day by the level of peak
pressure of 115 dB.
16. The presence of territories with different levels of permissible noise, as well as differences in
territories according to the actual noise level, that is, the safety of the appearance of additional noise
sources on them (such as a sound strike), creates conditions when the existence of a standard for the
level of sound impact should be inseparably connected with rules for flights of supersonic airplanes
in terms of restrictions on permitted flight levels and corridors of supersonic flights, as well as the
frequency of such flights. It should be noted that such restrictions will also be necessary for the safe
organization of air traffic of supersonic and subsonic airplanes, including taking into account the
effect of a supersonic shock wave on other participants of air traffic.
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2 Available information on low boom vehicle
concepts
2.1 HISAC
The European project HISAC included several research activities related to sonic boom, namely:


a review of sonic boom criteria, presented in § 1.1.1;



the development and validations of sonic boom modeling and minimization techniques



the design of several aircraft configurations including low-boom targets

To synthesize the work done in the sonic boom criteria review, HISAC recommended sonic boom
technical targets for a small supersonic transport aircraft of:




15 Pa for the shock overpressure,
72 dBA for overland flight over low populated corridors,
65 dBA for unrestricted operations.

2.1.1 Sonic Boom modeling
New models and tools for sonic boom evaluation have been developed in HISAC including
predictions of physical effects related to meteorological conditions together with effects related to
turbulence. Databases for the variability of atmospherical conditions and aircraft operations were
built, since certain conditions show that the latitude in Europe has a strong influence on the number
of no-boom days in a year. Several simplified approaches for directly predicting sonic boom at
ground were also studied and validated and proved to be of interest for use in the design process at
early stages. Finally, novel numerical simulations approaches for predicting the sonic boom nearfield (sources) and far-field propagation were developed and evaluated. The most advanced and
recommended approach consisted in a three layer method: the near-field sources being predicted
using CFD simulations combined with automatic mesh adaptation, the ground propagated signal is
achieved by a dedicated far-field atmospheric propagation code and a multipole method being used
to match these two codes.

2.1.2 Low-boom shape design activities
Low boom design has been largely driven by the above conclusions that the first cause of annoyance
from conventional booms is startle (and loudness) due to sharp shocks [i]. To reduce sonic boom
perception, first it is necessary to reduce the mass of the aircraft. This is why business jets appear as
good candidates for supersonic overland flight, as they are smaller and lighter than, for instance,
Concorde. So there is a natural and immediate benefit in terms of sonic boom level, and one can
expect to more or less halve the peak overpressure (see Figure 25), from 100 Pa (2 psf) to around 50
Pa (1 psf). However, the mass effect alone is not sufficient. For instance, a 50 Pa boom remains well
above the criteria of 36 Pa proposed by EPA.
Consequently, boom shaping is also required to further decrease the boom amplitude at the ground.
The objective in such design studies has generally been chosen to decrease the amplitude of the head
shock of the "N" wave, and increase its rise time. Several techniques can be employed (aerospike,
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fuselage tailoring, highly swept and diedral wings, over-the-wings engines...) but in all cases the
target remains (at least up to now) smaller and longer shocks, so that most part of the audible high
frequency spectrum is filtered and the startle effect is hoped to be suppressed. However, once the
startle is suppressed, the effect of indoor vibrations and rattle (and the associated concern for
structural damages) will come out as the main source of concern for low boom acceptability. This
has been clearly outlined by NASA test flights in 2006 [xxxix], where people were more numerous
to be annoyed indoor rather than outdoor by low amplitude N-waves produced by over-the-top
booms from diving fighters (even though they were not in their own home).
Hence, the sonic boom issue has recently shifted, in terms of design, from a noise mitigation issue
to a multiple response mitigation issue, even though the variety of the human response to sonic
boom is known since the 60's. So one key question is to quantify the efficiency of boom shaping in
terms of the various boom effects, and not only in terms of noise. With this in view, the lack of an
appropriate metric for measuring indoor boom annoyance is critical. The second key issue is the
boom variability (that is dependent on the metric, as exemplified by the comparison between ASEL
and CSEL) due to climate, meteorology, turbulence and buildings. Because of this variability, the
ground sonic boom appears as a stochastic process. Hence any regulation will have to take this into
account, and also suggest adapted certification processes. Given the fact that it will be impossible to
produce a "global" experimental database relying only on flight tests, a massive use of numerical
predictions will probably be necessary. In particular, that will require careful validation with flight
tests, and benchmarking of various numerical procedures. A third essential issue will be the fact that
the human response depends not only on the aircraft but also on the way it is operated. Repeated
booms, focused booms due to transonic acceleration, and night booms may already be identified as
likely critical issues (Figure 26). Hence, even though if a low boom aircraft with an "acceptable" cruise
boom can be designed, this one may suffer from operational restrictions (such as a night curfew or
restricted acceleration areas) that may reduce or even compromise its profitability.
Ultimately, the definition of an acceptable level for sonic boom will result from a cost-to-benefit
evaluation.
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Figure 25 : The sonic boom challenge. A small aircraft like a business jet produces a boom lower than
Concorde's one (typically 50 Pa instead of 100 Pa) but probably higher than a yet unknown "acceptable"
value that might be lower than the value of 36 Pa suggested by EPA in 1974 based solely on extrapolations
from community surveys in the 60's. The shown correspondence between peak overpressure, ASEL and
CSEL metrics is here purely indicative and is based only on best-fit extrapolations from the BoomFile data
base for conventional N waves. The variability is also here indicative and may vary with metrics. Low boom
design aims at obtaining further benefits for a given metric with respect to N waves. The value of 15 Pa is the
initial target of the Quiet Supersonic Platform program from DARPA. The value of 85 dBC is the limit of
CHABA for a loud impulsive noise, and the value of 60 dBA is the threshold recommended indoor by WHO
during night for single noise events, not taking into account the additional disturbances due to vibrations
and low frequencies.
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Figure 26 : Focused booms due to transonic acceleration (left), repeated booms (centre) and night booms
(right) are likely critical issues that might induce operational restrictions.

2.2 Low-boom designs
Regarding the design effort for a low-boom aircraft configuration in HISAC, several teams
developed several aircraft configurations having different weighting between the performances
(range, fuel-efficiency, emission), the landing and take-off noise and the sonic boom criteria. One of
the teams developed a configuration focusing primarily on sonic boom reduction (Figure 27) which
was estimated to produce a reference sonic boom of 68.5 dBA in start-of-cruise conditions (Mach 1.6,
altitude 13,000 m).

Figure 27 : HISAC Low Sonic Boom configuration

The efforts on low-boom shape design made over the last decade have yielded major progress in
terms of achievable sonic boom levels for a small/medium scale supersonic transport aircraft. The
two main contributors to these efforts are the US (NASA, Lockheed-Martin, Boeing) and Japan
(JAXA) which both have done low-boom designs that have been validated through ground (wind
tunnel) and even flight tests. Several other contributions to low-boom research exist in Europe,
Russia and more recently China, but at a more academic level.

2.2.1 US programs
In the US, several research programs were run under NASA funding that included efforts in term
of low-boom shape design and have yielded significant progress in terms of achievable sonic boom
shapes and levels to reduce associated annoyance. To briefly summarize these efforts, the Quiet
Supersonic Program was launched in 2000 and included a design effort of the front fuselage part of
an existing supersonic aircraft that resulted in the Shape Sonic Boom Demonstrator (Figure 28) with
flight test campaigns in 2003 and 2004 that demonstrated the capability of design tools to generate
shape of the front fuselage that results in a flat-top sonic boom signal at ground level. These design
efforts of the front part of the aircraft to tailor the nose shock of the ground propagated signature
were continued with the investigation of the Quiet Spike concept, a nose spike extension, which was
demonstrated in flight in 2006 (Figure 29) and demonstrated the possibility to fraction the initial
nose shock in several shocks of smaller amplitude. Later, the design efforts were focused on
designing the aft body and engine integration and nozzle in order to tailor the aft part of the sonic
boom signature which was identified to be more difficult to predict and tailor. This was the objective
of the LaNCETS (Lift and Nozzle Change Effect on Tail Shocks) which resulted in flight test
demonstrations in 2008 (Figure 30). All these design activities made extensive use of CFD for
predicting the near-field of the aircraft and how shape modifications influence it (Figure 31).
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Figure 28 : NASA Shaped Sonic
Boom Demonstrator tests (20032004)

Figure 29 : NASA Quiet Spike
flight tests (2006)

Figure 30 : NASA Lift and Nozzle
Change Effect on Tail Shocks –
(LaNCETS) tests (2008)

Figure 31 : Use of CFD for designing low-boom shapes of the NASA SSBD (left ) and LaNCETS
demonstrator (right)

More recently (2010 and later), especially in the frame of the NASA N+2 Supersonic Program, several
aircraft manufacturers including Gulfstream (Figure 33), Lockheed-Martin (Figure 34) and Boeing
(Figure 32) have shown continuous effort on designing low boom aircraft shapes for supersonic
aircraft of different sizes (from <10 pax SSBJ to ~80 pax civil SST aircraft) leveraging the tools, design
methods and experiences developed and validated in previous research programs. More and more
advanced models and tools were used to perform these design activities, including for instance CFDbased optimization and adjoint techniques (Figure 36). Specific efforts were put on the nozzle
design, engine integration (Figure 36) and more generally on the aft body and trimming surfaces
design in order to tailor the aft sonic boom signature. The resulting low-boom design for a ~80 pax
aircraft is believed to produce a sonic boom of 75 PLdB in standard conditions and atmosphere.
Finally, the most recent low-boom design efforts in the US were those of the NASA low-boom flight
demonstrator (LBFD, Figure 35) that has been designed to reproduce on ground the characteristics
of the sonic boom of a larger aircraft (~75 PLdB).
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Figure 32 : Boeing low-boom research airplane developed
in the NASA N+2 Supersonic program

Figure 33 : Gulfstream low-boom concept
including low-noise air intakes

Figure 34 : Lockheed-Martin low-boom design evolution
in the NASA N+2 Supersonic program

Figure 35 : NASA Low Boom Flight
Demonstrator

Figure 36 : Use of CFD and adjoint-based shape optimization for the design of Lockheed-Martin
configuration in NASA N+2 Supersonic program

2.2.2 Japanese programs
Since 2007 JAXA has conducted the D-SEND#1 (Figure 37) and D-SEND#2 programs (Figure 38) in
which they designed and demonstrated in flight test (models dropped in altitude from a balloon)
low-boom shapes of increasing complexity. These designs were also performed by use of CFD-based
near-field calculation and made use of optimization techniques. In the D-SEND#1 program a body
of revolution producing a “flat-top” shaped sonic boom front signature was designed and validated
successfully by the flight test campaign performed in 2011. Then, in the D-SEND#2 program, a lowboom glider aircraft was designed with the objective of reducing and tailoring both the front and aft
part of the sonic boom signal. It was successfully flight tested in a drop test in 2015.
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Figure 37 : JAXA D-SEND#1 flight test program

Figure 38 : JAXA D-SEND#2 Silent Supersonic
Concept Model (dropped glider flight
demonstrator)

2.2.3 Other contributions
Efforts towards the development of low-boom design methodologies and their application to design
low-boom shapes have been performed in several other countries, including France, Russia and
China (non-exhaustive list). But those efforts remain at a lower TRL than the previously mentioned
low-boom design researches, often restricted to methodological developments in academy (Figure
39) or research establishments (Figure 40, Figure 41) and not pursued up to experimental flight test
demonstration stages.

Figure 39 : Design of a low-boom glider,
Feng & Al, Northwestern Polytechnical
University of China, 2014

Figure 40 : Design of a low-boom glider, Minelli & Al,
ONERA, 2014
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Figure 41 : TsAGI wind tunnel test of low boom technology demonstrator

2.2.4 Russian low boom aircraft family
The SSBJ & SSCJ low boom configurations with CVC engines are presented. The SSBJ & SSCJ
maximum take-off weight values varied from 53,5 t to 264,4 t. The engines bypass values varied
from m≈2 to m≈3. The main flight and weight parameters are presented. SSBJ & SSCJ sonic boom
loudness was estimated in A-SEL metrics for initial and end of cruise flight conditions with Mach
number 1.8, in ISA. The theoretical minimum SSBJ & SSCJ sonic boom loudness was estimated for
initial cruise flight conditions. The main result is the preliminary sonic boom thresholds in term of
loudness for advanced supersonic civil aircraft with maximum take-off weight values varied from
53,5 t to 264,4 t.
Nomenclature
l

wing span, m

lfuselage

aircraft fuselage length, m

S

wing reference area, m2



wing aspect ratio (=l2/S)

MAC

wing mean aerodynamic chord, m

L/D

lift to drag ratio

CL

Lift coefficient

M

free stream Mach number

ΔP

sonic boom overpressure, Pa

L

sonic boom loudness (in A-SEL), dBA

G

weight, t

2.2.4.1 Supersonic business jet SSBJ-50
The aerodynamic configuration has the horizontal tail and mixed wing leading edge (Figure 42). The
wing is with high positive dihedral angle. Double engine power plant (P00=2×15 000 kg, bypass value
m≈2.2) is located on the upper side of the fuselage tail.
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Figure 42: SSBJ-50 configuration

The fuselage geometry is complex, with circular nose and passenger cabin cross sections (Figure 43
and Figure 44).

Figure 43: SSCJ-50 passenger cabin (АС Falcon 50)
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Figure 44: SSCJ-50 cabin configuration for 8 passengers

The SSBJ-50 main geometric, weight and flight performances estimations are presented in Table 30,
and Table 32 below.
Table 30

Fuselage
Wing

HT
VF

Length, m
The max relative area of the midsection, %
Area (plan form with LE=72.5 °/46 °), m2
Aspect ratio (with LE=72.5 °/46 °)
LE sweep, 
The dihedral V angle (71°/45°), °
Relative HT area, %
LE sweep, °
Relative VF area, %
LE sweep, °
Relative Rudder area, %

41
2.66
140
2.62
76/72.5/46
18/0
8,2
51
7.7
50
30

Table 31

Parameters
GA
GPP
GE

AIRFRAME
POWER PLANT
ENGINES

GAS

AIRCRAFT SYSTEMS

GAV

AVIONICS

GOW

OPERATING WEIGHT

GPL

PAYLOAD

GF

FUEL

G0

MAX TAKE OFF WEIGHT

Weight, kg

Weight, kg

×1/G0

12 840
7 730

0.24
0.1445
5 215

3 660

0.0684

510

0.0095

1 460

0.0273
730

27 300
53 500

0.51
1.00
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Table 32

Cruise range, km
Cruise Mach number
Cruise L/D
Cruise CL
Effective specific fuel consumption, kg / kg.h
Initial cruise altitude,m
End of cruise altitude,m
Sonic boom, dBA:
Initial cruise conditions
End of cruise cond.
Balanced field length, m
Approach speed (0.75G0), km/h

7 400
1.8
7.8
0.13
1.096
15 750
18 250
67
65
1 980
256

The numerical solution of the Euler equations (code X-CODE, author V.V. Kovalenko) was used to
assessed the near field. The initial data for calculating the propagation of disturbances were formed
using a special transformation (the integral of Y.L. Zhilin). The calculation of the overpressure
signatures on the ground was carried out by:
- classical theory (code BOOM by V.V. Kovalenko);
- classical theory with taking into account absorption and dispertion effects (code ZEPHYRUS by
L.D. Robinson).
The sonic boom in cruise supersonic flight was estimated for the main direction (under the fin) in
standard atmosphere conditions, no wind, the ground reflection coefficient K = 2.0. The calculated
sonic boom loudness was assessed with classical theory with correction (τ > 0) in the bow shock of
signatures.
The calculated sonic boom signatures in the initial and in the end of cruise flight conditions are
presented below in Figure 45 and Figure 46.
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Figure 45: SSBJ-50 sonic boom signature in the initial cruise flight conditions
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Figure 46: SSBJ-50 sonic boom signature in the end of cruise flight

According to preliminary estimates, the volume of the SSBJ-50 sonic boom loudness at the
beginning of the cruise flight is about 67 dBA, at the end of cruise flight about 65 dBA.

2.2.4.2 Supersonic business/commercial jet SSBJ/SSCJ-130
The aerodynamic configuration has the horizontal tail and mixed wing leading edge (Figure 47). The
wing is with high positive dihedral angle. Two double engine power plant (P00=4×14 000 kg, bypass
value m≈2.0) is located on the upper side of the fuselage tail.

Figure 47: SSBJ / SSCJ configuration

The fuselage geometry is complex, with circular nose and elliptic cross sections in passenger cabin.
In business (SSBJ) version, there are 20 passengers in the 1-st class cabin and a VIP area with a
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lounge, shower, private bath and study for VIP person (Figure 48). In commercial (SSCJ) version,
there are 8 passengers in the 1st class and 74 passengers in the economy class (Figure 49).

Figure 48: SSBJ passenger cabin versions with VIP area

Figure 49: SSCJ passenger mixed-class cabin (1st class 8+ economy 74)

The SSBJ-130 & SSCJ -130 main geometric, weight and flight performances estimations are presented
in Tables 33 to 37 below.
Table 33: SSBJ-130 & SSCJ -130 main geometric performances

Fuselage

Wing

Length, m

71

The height of passageway, m
The relative area of the midsection, %
Area (plan form with LE=71 °/45 °), m2
Aspect ratio (with LE=71 °/45 °)
LE sweep, 
The dihedral V angle (71°/45°), °

1.8
3.17
291.7
2.6
76/71/45
27/0
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HT
VF

MAC, m
Relative HT area, %
LE sweep, °
Relative VF area, %
LE sweep, °
Relative Rudder area, %

15.64
17.87
51
7.86
50
30

Table 34: SSBJ-130 weight performances

Parameters
GA
AIRFRAME
GPP
POWER PLANT
GE
ENGINES
GAS
AIRCRAFT SYSTEMS
GAV
AVIONICS
GOW
OPERATING WEIGHT
GPL
PAYLOAD
GF
FUEL
G0
MAX TAKE OFF WEIGHT

Weight, kg

Weight, kg

×1/G0
0,230
0,131

28 620
16 300
9 880
9 500
710
3 050

0,076
0,006
0,024
2 000

66 320
124 500

0,533
1

Table 35: SCJ-130 weight performances

Parameters
GA
AIRFRAME
GPP
POWER PLANT
GE
ENGINES
GAS
AIRCRAFT SYSTEMS
GAV
AVIONICS
GOW
OPERATING WEIGHT
GPL
PAYLOAD
GF
FUEL
G0
MAX TAKE OFF WEIGHT

Weight, kg
28 620
16 300

Weight, kg

×1/G0
0,230
0,131

9 880
8 200
710
10 185

0,066
0,006
0,082
8 200

60 485
124 500

0,486
1,000

Table 36: SSBJ-130 flight performances

Cruise range, km
Cruise Mach number
Cruise L/D
Cruise CL
Effective specific fuel consumption, kg / kg.h
Initial cruise altitude,m
End of cruise altitude,m
Sonic boom, dBA:
Initial cruise conditions
End of cruise cond.

9 300
1.8
8.3
0.126
1.078
14 400
18 400
71
66
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2 330
300

Balanced field length, m
Approach speed (0.8G0), km/h

Table 37: SSCJ-130 flight performances

Cruise range, km
Cruise Mach number
Cruise L/D
Cruise CL
Effective specific fuel consumption, kg / kg.h
Initial cruise altitude,m
End of cruise altitude,m
Sonic boom, dBA:
Initial cruise conditions
End of cruise cond.
Balanced field length, m
Approach speed (0.8G0), km/h

7 800
1.8
8.3
0.126
1.078
14 400
17 900
71
66
2 330
300

The calculated sonic boom signatures in the initial and in the end of cruise flight conditions are
presented below in Figure 50 and Figure 51.
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Figure 50: SSBJ/SSCJ sonic boom signature in the initial cruise flight conditions (M = 1.8, H = 14.4 km, G ≈
115т)
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Figure 51: SSCJ sonic boom signature in the end of cruise (M = 1.8, H = 17.9 km, G ≈ 80 t)

According to preliminary estimation, the SSCJ -130 sonic boom loudness at the beginning of a cruise
flight can be L ≈ 71 dBA, at the end of a cruise flight L ≈ 66 dBA.

2.2.4.3 Supersonic commercial jet SSCJ-170
The aerodynamic configuration has the horizontal tail and mixed wing leading edge (Figure 52). The
wing is with high positive dihedral angle. Two double engine power plant (P00=4×19 000 kg, bypass
value m≈2.0) is located on the upper side of the fuselage tail.

Figure 52

The fuselage geometry is complex, with circular nose and elliptic cross sections in passenger cabin.
SSCJ-170 cabin in economy version has 144 passenger seats (
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Figure 53). In mixed-class cabin version there are 107 passengers (Figure 54).

Figure 53: SSСJ-170 economy cabin version with 144 passengers
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Figure 54: SSСJ-170 mixed-class cabin with 107 passengers (business class 13 + economy 94)

The SSCJ -170 main geometric, weight and flight performances estimations are presented in tables
38 to 41 below.
Table 38: SSCJ -170 main geometric performances

Fuselage

Wing

HT
VF

Length, m
The height of passageway, m
The relative area of the midsection, %
Span, m
Area (plan form with LE=71 °/45 °), m2
Aspect ratio (with LE=71 °/45 °)
LE sweep, 
The dihedral V angle (71°/45°), °
MAC, m
Relative HT area, %
LE sweep, °
Relative VF area, %
LE sweep, °
Relative Rudder area, %

80
1.8
3.6
32.185
398.5
2.6
76/71/45
27/0
18.28
14.15
51
6.2
50
30

Table 39: SSCJ-170 weight performances (144 pass.)

Parameters
GA
AIRFRAME
GPP
POWER PLANT
GE
ENGINES
GAS
AIRCRAFT SYSTEMS
GAV
AVIONICS
GOW OPERATING WEIGHT
GPL
PAYLOAD
GF
FUEL
G0
MAX TAKE OFF WEIGHT

Weight, kg
Weight, kg
×1/G0
37 350
0,221
22 880
0,135
13 460
8 200
0,048
710
0,004
17 220
0,102
14 400
82 940
0,49
169 300
1

Table 40: SSCJ-170 weight performances (107 pass.)

Parameters
GA
AIRFRAME
GPP
POWER PLANT
GE
ENGINES

Weight, kg
Weight, kg
×1/G0
37 350
0,221
22 880
0,135
13 460
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GAS
GAV
GOW
GPL
GF
G0

AIRCRAFT SYSTEMS
AVIONICS
OPERATING WEIGHT
PAYLOAD
FUEL
MAX TAKE OFF WEIGHT

8 200
710
13 520

0,048
0,004
0,08
10 700

86 640
169 300

0,512
1

Table 41: SSCJ-170 flight performances

Number of passengers
Cruise range, km
Cruise Mach number
Cruise L/D
Cruise CL
Effective specific fuel consumption, kg / kg.h
Initial cruise altitude,m
End of cruise altitude,m
Sonic boom, dBA:
Initial cruise conditions
End of cruise cond.
Balanced field length, m
Approach speed (0.8G0), km/h

144
7 800

107
8200
1.8
8.6
0.129
1.078
14 550

17 850

18 100
73.5
67
2 400
300

The calculated sonic boom signatures in the initial and in the end of cruise flight conditions are
presented below in Figure 55 and Figure 56.
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Figure 55: SSCJ – 170 sonic boom wave signature on the ground at the beginning of the cruise flight
(H=14.55 km, flight weight ≈157 t)
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Figure 56: SSCJ – 170 sonic boom wave signature on the ground at the end of cruise flight (H=17.85 km, flight
weight ≈98 t)

According to preliminary estimation, the SSCJ -170 sonic boom loudness at the beginning of a cruise
flight can be L ≈ 73.5 dBA, at the end of cruise flight L ≈ 67 dBA.
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2.2.4.4 Supersonic commercial jet SSCJ-260
The aerodynamic configuration has the horizontal tail and mixed wing leading edge. The wing is
with high positive dihedral angle. Two double engine power plant (P00=4×29 700 kg, bypass value
m ≈ 3.0) is located on the upper side of the fuselage tail (Figure 57).

Figure 57: SSCJ-260 configuration

The fuselage geometry is complex, with circular nose and elliptic cross sections in passenger cabin.
SSCJ-260 cabin in economy version has 203 passenger seats (Figure 58). In mixed-class cabin version
there are 107 passengers (

Figure 59).

Figure 58: SSCJ-260 economy version cabin with 203 passengers
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Figure 59: SSCJ-260 passenger mixed-class cabin (business class 19 + economy 158)

Table 42: SSCJ -260 main geometric performances

Fuselage

Wing

HT
VF

Length, m
The height of passageway, m
The relative area of the midsection, %
Span, m
Area (plan form with LE=71 °/45 °), m2
Aspect ratio (with LE=71 °/45 °)
LE sweep, 
The dihedral V angle (71°/45°), °
MAC, m
Relative HT area, %
LE sweep, °
Relative VF area, %
LE sweep, °
Relative Rudder area, %

98
1.8
3.5
39.0
585.0
2.6
76/71/45
27/0
22.07
14.15
51
6.2
50
30
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Table 43: SSCJ-260 weight performances (203 pass.)

Parameters
GA
AIRFRAME
GPP
POWER PLANT
GE
ENGINES
GAS
AIRCRAFT SYSTEMS
GAV
AVIONICS
GOW OPERATING WEIGHT
GPL
PAYLOAD
GF
FUEL
G0
MAX TAKE OFF WEIGHT

Weight, kg
66 000
42 600

Weight, kg

×1/G0
0,250
0,161

25056
8 200
710
25 740

0,031
0,003
0,097
20300

121 150
264 400

0,458
1

Table 44: SSCJ-260 weight performances (177 pass.)

Parameters
GA
AIRFRAME
GPP
POWER PLANT
GE
ENGINES
GAS
AIRCRAFT SYSTEMS
GAV
AVIONICS
GOW OPERATING WEIGHT
GPL
PAYLOAD
GF
FUEL
G0
MAX TAKE OFF WEIGHT

Weight, kg
66 000
42 600

Weight, kg

×1/G0
0,250
0,161

25056
8 200
710
21 770

0,031
0,003
0,082
17700

125 120
264 400

0,473
1

Table 45: SSCJ-260 flight performances

Passengers
Cruise range, km
Cruise Mach number
Cruise L/D
Cruise CL
Effective specific fuel consumption, kg / kg.h
Initial cruise altitude,m
End of cruise altitude,m
Sonic boom, dBA:
Initial cruise conditions
End of cruise cond.
Balanced field length, m
Approach speed (0.8G0), km/h

203
6 800

177
7 200

1.8
8.1
0.121
1.11
13 850
17 150
17 300
75
69
2 450
307
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The calculated sonic boom signatures in the initial and in the end of cruise flight conditions are
presented below in Figure 60 and Figure 61.
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Figure 60: SSCJ - 260 sonic boom wave signature on the ground at the beginning of the cruise flight (H =
13.85 km, G ≈ 245 t)
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Figure 61: SSCJ - 260 sonic boom wave signature on the ground at the end of cruise flight (H = 17.15 km,
G ≈ 153 t)

According to preliminary estimation, the SSCJ - 260 sonic boom loudness at the beginning of a cruise
flight can be L ≈ 75 dBA, at the end of cruise flight L ≈ 67 dBA.

2.3 Preliminary thresholds for advanced Low boom aircraft
family
The equivalent minimum sonic boom bodies of revolution (MEBR) loudness for advanced
configurations were assessed. The MEBR loudness values are the theoretical minimum for the
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advanced configurations sonic boom loudness. The main results of the estimations are presented in
Table 46 below.
Table 46

Configuration

SSBJ-50
SSBJ/SSCJ-130
SSCJ-170
SSCJ-260

MTOW
G0
t
53.5
124.5
169.3
264.4

Weight
GINIT
t
48.5
115
157
245

Length
lfuselage
m
41.5
71
80
98

Loudness (A-SEL)
LMEBR
LINIT
LEND
dBA
dBA
dBA
64
67
65
65
71
66
65
73.5
67
65
75
69

The sonic boom values of the considered configurations at the beginning of a cruising supersonic
flight are more than the theoretical minimum. The difference between the advanced configurations
and MEBR loudness is about 3-10 dBA. The main reason of the large difference in loudness values
between MEBR and SSCJ-170 and SSCJ-260 configurations is the initial design stage of these
configurations. The main results of the advanced configurations and their MEBR loudness
estimations in the initial flight conditions are presented in Figure 62 below.
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Appendix 1. Noise standards of some countries
(according to I-INCE materials)
The International Institute of Noise Control Engineering (International Institute of Noise Control
Engineering – I-INCE) in 1997 published the report "Technical Assessment of Upper Limits on Noise in the
Workplace" (Technical Assessment of Upper Limits on Noise in the Workplace) which contained data about
normative noise levels on the job placements in a number of countries, including impulse noise. In 2009 the
report "Survey of Legislation, Regulations, and Guidelines for Control of Community Noise" (Survey of
Legislation, Regulations, and Guidelines for Control of Community Noise) was published, it contained the
results of the overview of noise norms on the ground of European and some other countries of the world.
Tables from these reports are given below. In the table П.1.2 entries highlighted by the author with the
grey colour were not updated.

Table П.1.1.
Technical Assessment of Upper Limits on Noise in the Workplace.
Table 1. Some features of legislation in various countries *
Country (Jurisdiction)

Argentina
Australia (varies by
state)
Austria (a),(c)
Brazil

8-hour
Exchange 8h-average A-wtd
average Arate (dB)
limit for
weighted
engineering or
sound
administrative
pressure level
controls (dB)
(dB)
90
3
85
3
85
85
85

5

87
90
85
90
85

3
5
5
3
5

70-90
85
85
85
85

3
3
3
3
3

India
Israel

90
85

5

Italy (c)
Japan

85
90

3

Netherlands (c)

85

3

Canada (Federal)
Canada (ON, PQ, NB)
Canada (Alta, NS, NF)
Canada (BC)
Chile
China
Finland (c)
France (c)
Germany (c),(d)
Hungary

90
90, no exposure >
115 if no
protection, no time
limit
87
90
85
90

8h-average Awtd limit for
monitoring
hearing (dB)

Upper limit for
peak sound
pressure level
(dB)

85

110 A Slow
140 unwgted peak

85

84
85 (b)

130 unwgted peak
or 115 A Slow

140 C peak

140 unwgted peak
or 115 A Slow
115 A slow
90
90
90
90

90
85 hearing
protection
mandatory at 90
90

85
85

85
85

80

135 C peak
140 C peak
140 C peak or
125 A Slow
140 A peak
140 C peak or
115 A Slow
140 C peak

140 C peak
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Country (Jurisdiction)

New Zealand
Norway
Poland

8-hour
Exchange 8h-average A-wtd
average Arate (dB)
limit for
weighted
engineering or
sound
administrative
pressure level
controls (dB)
(dB)
85
3
85
85
3
85
3

8h-average Awtd limit for
monitoring
hearing (dB)

Upper limit for
peak sound
pressure level
(dB)

85
80

140 unwgted peak
110 A Slow
135 C peak or
115 A Slow
140 C peak
140 C peak or
115 A Fast
140 C peak or
125 ASEL
140 C peak
140 C peak or
115 A Slow
140 C peak

Spain (c)
Sweden (c)

85
85

3
3

90
90

80
80

Switzerland

85 or 87

3

85

85

85
90 (TWA)

3
5

90
90

85
85

85

3

90
85 for 8-hour
normalized
exposure level
limit

3
3

United Kingdom
USA (e)
USA (Army and Air
Force)
Uruguay
This Report
recommends

85

85. See also text
under
recommended
engineering
controls

on hiring, and at
intervals
thereafter, see
text under
audiometric
programs

110 A Slow
140 C peak

 Notes:
 * Information for Austria, Japan, Poland, and Switzerland was provided directly by these Member
Societies of I-INCE. For other countries not represented by Member Societies participating in the Working
Party the information is taken with permission from Ref. 15
 (a) Austria also proposes 85 dB (AU-weighted according to IEC 1012) as a limit for high frequency noise,
and a separate limit for low frequency noise varying inversely as the logarithm of frequency.
 (b) A more complex situation is simplified to fit this tabulation.
 (c) All countries of the European Union require the declaration of emission sound power levels of
machinery, the use of the quietest machinery where reasonably possible, and reduced reflection of noise in
the building, regardless of sound pressure or exposure levels. In column 4, the limit for other engineering or
administrative controls is 90 dB or 140 dB C-weighted peak. In column 6, the upper limit for sound pressure
level is 140dB C-weighted peak (or lower) or 130 dB A-weighted impulse.
 (d) The rating level consists of time-average, A-weighted sound pressure level plus adjustments for tonal
character and impulsiveness.
 (e) TWA is Time Weighted Average. The regulations in the USA are unusually complicated. Only Aweighted sound pressure levels of 80 dB or greater are included in the computation of TWA to determine
whether or not audiometric testing and noise exposure monitoring are required. A-weighted sound pressure
levels less than 90 dB are not included in the computation of TWA when determining the need for
engineering controls.
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Table P.2.2.
Survey of Legislation, Regulations, and Guidelines for Control of Community Noise.
Table D.3 - Responses to surveys of legislation, regulations, and guidelines, organized alphabetically by country
Country
Australia
Australia

Australia

Australia

Australia

Australia

Australia

Australia
Austria

Title

Noise type

Category

Nature

Space of
Time
Index
Noise level limits
Notes
assessment
Australia is a Federation of six States and two Territories. Legislation on community noise is the responsibility of each of the State and Territory governments. For some issues, such as
aircraft noise and motor vehicle noise, the Federal government has the responsibility for legislation for type approval.
ADR 83/00
Motor
Regulation Эмиссия Outdoor, at 7.5 None
LAFmax
Drive-by test: 74 dB to 80 Nationally applicable for vehicles under previous Australian
vehicles m
dB
Design Rules (ADR) and the new ADR 83/00.
type
approval
ADR 83/00
Motor
Regulation Эмиссия Outdoor, at 0.5 None
LAFmax
Exhaust noise: 84 dB to Enforced at the State level under previous ADRs. A
vehicles - in
m, but 1050 mm
103 dB
signature stationary noise test is being introduced under
service
for heavy
ADR 83/00 for in service vehicles.
vehicles
The name varies
Road traffic Guidelines Immission Outdoor, 1 m
Day
LAeq,T
Ranges from 55 dB to 60 Varies from State to State
from State to State
from façade
dB.
Outdoor, 1 m
Night
LAeq,T
Ranges from 50 dB to 55
from façade
dB
Day-night
LAeq,T
Ranges from 40 dB for
Depends on type of area
night to 65 dB for day
Outdoor, free
18 hour
LA10,18h
Ranges from 58 dB to 60 The 18-h period generally is from 06 h to 24 h
field
dB
AS2021-2000
Civil aircraft Guidelines Immission Outdoor
Annual
ANEF
Types of development based on contour levels:
average
<20
- No restrictions
20-25
- New dwellings with appropriate insulation
>25
- New dwellings not allowed
The name varies
Industry
Regulation Immission Outdoor, at
Depending LAeq,T,
Either comparison with
Each state has appropriate environmental legislation.
from State to State
nearest affected on the area LA10,T
background noise level Noise from large sources is controlled in the licensing
residence or
and time of
or with zone noise
process. A typical time interval is 10 to 15 minutes.
boundary
day
standards
The name varies
Construction Regulation Immission Outdoor
see notes varies
Sound level limits may be Generally controlled by hours of operation. In 2008,
from State to State
/
prescribed based on
guidance in AS2436-1981 was under revision.
Guidelines
exceedance over level of
background noise
Vibration
Vibration
Guidelines Immission Outdoor and
Day, Night Vibration Particle acceleration or
Triaxial
indoor
dose
velocity limits
The name of the
Road traffic Guidelines Immission Free field
Day-night
LAeq,T
50-55 dB (06-22), 40-45 - Planning (target) limits
law?
?
dB (22-06)
60 dB (06-22), 50 dB (22- - Noise level limits for new federal roads
06)
65 dB (06-22), 55 dB (22- - Threshold noise levels for remedial measures at (existing)
06)
federal roads
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Country
Austria

Austria

Austria

Belgium

Belgium

Belgium:
Flemish
Region

Belgium:
Flemish
Region

Title
Railway Noise
Immission,
Ordinance 1993
The name of the
law?

Noise type
Railways

Category

Nature

Space of
assessment
Guidelines Immission Free field
?

Time
Day-night

Index
LAeq,T

Noise level limits

Notes

65 dB (06-22), 55 dB (22- Limits for the level of railway noise are adjusted by - 5dB to
06)
allow for lower perceived annoyance from trains at the
same average sound level as other sources.
Civil aircraft Guidelines Immission Free field
Day-night
Ldn, / LAmax
<New Buildings>
?
>75 dB / 105 dB
- Agricultural, military and airport buildings only. No new
residential zones.
>65 dB / –
- Residential buildings in existing zone and commercial
buildings to have required sound insulation. No new
residential zones.
>60 dB / –
- Residential building in Existing zone. No new residential
zones.
>55 dB / –
- Noise sensitive buildings only in case of overriding need
with required sound insulation.
<Existing Buildings>
>65 dB/ –
- Residential and noise sensitive buildings (schools,
hospitals, nursing homes) to have required sound
insulation.
>55 dB / –
- Noise sensitive buildings (schools, hospitals, nursing
homes) to have required sound insulation.
The name of the
Industry
Guidelines Immission ?
Day-night
Lr 1)
60-65 dB (day),
1) Rating level LAeq,8h (day) or LAeq,0.5h (night) plus an
law?
?
?
50-55 dB (night).
adjustment of 3 dB to 6 dB for tonal components or an
adjustment of 3 dB to 5 dB for impulsive components in the
sound from the industry.
Belgium is a federal state that is divided into three regions: the Flemish region, the Wallonia region and the Brussels Capital region. Each region has its own environmental policy and
develops its own legislation. As a result, laws and regulations on noise immission can differ among the three regions. Additionally, local councils can enact by-laws or ordinances. The
federal (national) authority has the power when it comes to noise emission limits, i.e., by product legislation. Emission limits for motor vehicles and aircraft are adopted from those given in
EU Directives.
The Framework
This law states that measures can be taken by Regional Authorities to combat and prevent noise nuisance such as that produced by motor vehicles, aircraft, and
Law on Noise
railways. This framework law does not apply in the Brussels Capital region where special legislation has been enacted. Noise emission limits for construction
Nuisance (1973)
machinery and lawn mowers were issued in 1998 to implement the Directives of the EU on noise.
Decree of the
Ambient
Guidelines Immission Outdoor 1)
DayLA95,1h
40 dB to 60dB (07-19),
1) At a height typical for the height of living spaces in the
Flemish Council
sounds
evening35 dB to 55dB (19-22),
area and at least 3.5 m from walls, buildings, and other
concerning
night
30 dB to 55dB (22-07) 2) structures that could reflect sound waves. 2) Noise level
Environmental
limits depend on the nine categories of land-use zones
Licenses (1985)
specified in the Guidelines
Flemish Regulation
on Environmental
Licenses VLAREM I
(1991) & II (1992
and 1995)
Decree of the
Industry
Regulation Immission Outdoor
DayLAeq,T or a 40 dB to 60 dB (07-19), 1) At a height typical for the height of living spaces in the
Flemish Council
eveningsuitable
35 dB to 55 dB (19-22), area and at least 3.5 m from walls, buildings, and other
concerning
night
statistical 30 dB to 55 dB (22-07) 2) structures that could reflect sound waves. 2) Noise level
Environmental
measure 30 dB to 36 dB (07-19), limits depend on the nine categories of land-use zones
Indoor
Licenses (1985)
of A25 dB to 31 dB (19-22), specified in the Regulation. For new industrial installations
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Country

Title

Noise type

Category

Nature

Space of
assessment

Time

Flemish Regulation
on Environmental
Licenses VLAREM I
(1991) & II (1992
and 1995)

Index
weighted
sound
level

Belgium:
Wallonia
Region

Decree of 29 April Civil aircraft
2004 modifying the
first Article of the
law of 18 July 1973
relative to the fight
against noise

Regulation Immission Outdoor

Day-night

Ldn

Belgium:
Wallonia
Region

Decree of the
Industry
Government of
Wallonia of 04 July
2002 fixing the
general conditions
for exploitation of
visible
establishments by
the decree of 11
March 1999 relative
to environmental
permits
Environmental
Railways
convention
concerning noise
and vibration from
railways (2001)

Regulation Immission Outdoor

Day,
Morning &
evening,
Night

LAeq,1h

Guidelines Immission Outdoor

Daytime
and
nighttime

LAeq,sp,rail-

Environmental
convention
concerning noise
and vibration from

Guidelines Immission Outdoor

Belgium:
Brussels
Capital
Region

Belgium:
Brussels
Capital
Region

Subways
and
streetcars
(new

ways

Noise level limits

25 dB to 31 dB (22-07) 3) in quiet areas, the limits on time-averaged sound level
outdoors are 5 dB less than these limits or the prevailing 95
percentile of the ambient sound level, whichever is the
lower. For existing installations, the time-averaged sound
level outdoors should be no more than 10 dB greater than
the limits specified in the Guidelines. 3) Noise level limits
depend on the three categories of land-use zones specified
in the Regulation. Limits apply only for buildings that have
a wall or floor that is common with the installation in
question. For new industrial installations, in each zone the
limits on time-averaged sound levels indoors are 3 dB less
than these limits.
Zone A: Ldn >70 dB,
Permission to construct dwelling and to provide financial
Zone B: 65 dB < Ldn ≤
aid depends the location within a zone established by
70 dB,
calculated contours of day-night averaged sound levels
Zone C: 60 dB < Ldn ≤
around an airport
65 dB,
Zone D: 55 dB ≤ Ldn ≤
60 dB
50 dB to 60 dB (07-19), Noise level limits depend on the conditions of the area
45 dB to 55 dB (06-07 & where dwellings are located and the categories of industry
19-22), 40 dB to 50dB
(22-06)

70 dB (07-22),
65 dB (22-07)
65 dB (07-22) 1),
60 dB (22-07)

Daytime
and
nighttime

LAeq,sp

Notes

70 dB (07-22) 1),
65 dB (22-07)

LAeq,sp,railways: time-averaged, A-weighted sound level
calculated for a specified location for the sound from all
railway operations within a specified period.
1) Limits for new railway infrastructures or for expanded
operations on existing infrastructures.
In addition, the Guidelines provide goals for limits lower
than the specified limits. The Guidelines also describe
situations where urgent intervention may be needed to
reduce the existing time-averaged sound level so as to not
exceed the limits.
Noise level limits for the sound from subway and streetcar
operations are for time-averaged sound levels that are not
to be exceeded during daytime or nighttime periods.
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Country

Title
subways and
streetcars (2004)

Noise type

Category

Nature

Space of
assessment

Index

infrastruc
tures only)

Decision
Civil aircraft
concerning noise of
airplanes (1999)

Regulation Immission Outdoor *

Belgium:
Brussels
Capital
Region

Ordinance of the
Brussels Capital
Council concerning
the fight against
noise (1997,
modified in 2004) /
Decisions of the
Brussels Capital
Government
modifying the 1998
decision concerning
neighborhood noise
(2002) and the
1998 decision
concerning noise
and vibration from
classified industrial
establishments
(2002)
Urban noise
abatement plan
(2000-2005)

Regulation Immission Outdoor

Industry,
Ambient
sounds

Daytime
and
nighttime

LAE

Dayeveningnight

*)
Lsp

LAeq,sp,aircraft

N
Spte

Indoor

Ambient
sounds

Noise level limits
63 dB to 68 dB (06-22)
2),
58 dB to 63 dB (22-06)

Belgium:
Brussels
Capital
Region

Belgium:
Brussels
Capital
Region

Time

Guidelines Immission Indoor and
outdoor

Daytime,
TE
evening, or
nighttime

Daytime
and
nighttime

LAeq,8h

Notes

1) Subways: In addition, the Guidelines provide goals for
limits lower than the specified limits. The Guidelines also
describe situations where urgent intervention may be
needed to reduce the existing time-averaged sound level
so as to not exceed the limits.
2) Streetcars: Choice of noise level limits depends on the
five/three categories of land-use zones specified in the
Convention (day/night, respectively)
80 dB to 100 dB(07-23) * At a height between 1.5 m and 25 m and at least 1.5 m
70 dB to 90 dB(23-07)
from walls, buildings, and other structures that could reflect
sound waves.
55 dB to 65 dB(07-23)
LAE: A-weighted sound exposure level calculated for the
45 dB to 55 dB(23-07)
sound from a particular aircraft type at a specified location
around an airport and a specified flight operation during
daytime and nighttime periods.
LAeq,sp,aircraft: time-averaged, A-weighted sound level
calculated for a specified location for the sound from all
aircraft operations within a specified period.
Choice of noise level limits depends on the three
categories of land-use zones specified in the Regulation.
A
B
C
A: 07 to 19 (weekdays) B: 19-22 (weekdays), 0742-60 36-54 30-48 19(Saturday) C: 22-07 (weekdays), 19-07 (Saturday), all
dB
dB
dB
Sunday, and legal holidays
42-60 39-54 *) Explanation of letter symbols; see also Table D.1.
dB 1)
1) 2) Lsp: LAeq,T with tonal adjustment. Spte: Threshold sound level
20-30 10-20
5-10 above which a sound from an industrial facility is counted
10-20 as a noise event. N: Number of noise events (number of
2)
times that a sound level exceeds the Spte threshold) per
72-90 66-84 60-78 hour.
dB
dB
dB
1) Applicable for retail stores. 2) Applicable for
66-84 establishments for which an operation cannot be
dB 2) discontinued Choice of a noise level limit depends on the
six categories of land-use zones described in the
Regulation.
A
B
C
See Table D.2 for a description of tonal emergence TE.
6-15
6-15
3-15 Depending on the periods A, B, or C (see above) and the
dB
dB
dB
type of room in a dwelling (bedroom, living room, etc.), the
limits represent maximum allowable values for tonal
emergence.
Daytime 45 dB (indoor) The specified 8-h-averaged sound levels are thresholds
65 dB (outdoor)
such that, if a measured 8-h-averaged sound level exceeds
Nighttime 40 dB (indoor) a corresponding threshold, official action shall be taken to
60 dB (outdoor)
reduce the level of the excessive sound from a source (or
sources), where feasible.
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Country
China

China

Denmark

Denmark

Denmark

Denmark

Title

Noise type

Category

Nature

Space of
assessment

Time

Index

Noise level limits

Notes

Civil Aviation
Civil aircraft
(Aircraft Noise)
Ordinance
(CA(AN)O), 1986
Environmental
Civil aircraft
Impact Assessment
Ordinance (EIAO),
1998

Regulation Эмиссия

Regulation Immission 1 m from
and
window façade
guidelines
of noise
sensitive uses

Day-night

NEF

< 25

Road traffic noise
Guideline from the
Environmental
Protection Agency,
Nr. 4 2007
Guidelines from
the Environmental
Protection Agency,
1/1997 and Annex
to Guideline
1/1997: Noise and
vibrations from
railways (2007 July)
Guideline from the
Environmental
Protection Agency,
5/1994: Noise from
airfields:
Assessment,
measurement,
calculation, and
control
Outdoor noise
emission from
industrial sites
Guideline nr.
5/1984

Road traffic

Guidelines Immission Free Field

Day,
evening,
night

Lden

53 dB
58 dB
63 dB

Noise sensitive uses include living rooms, bedrooms,
classrooms of schools, and wards of hospital where
windows are opened for ventilation. Guidelines apply for
planning of noise-sensitive uses including site selection
and the design of buildings
- Summer Residential, Camping
- Hospital, School, Residential
- Hotel, Office

Railways

Guidelines Immission Free Field

Day,
evening,
night

Lden

59 dB
64 dB
69 dB

- Summer Residential, Camping
- Hospital, School, Residential
- Hotel, Office

Civil aircraft

Guidelines Immission Free Field

Dayeveningnight

Lden
Lden
Lden
Lden
LAmax

45 dB / 50 dB 1)
45 dB to 50 dB / 55 dB
60 dB / 60 dB
50 dB / 60 dB
70 dB / 80 dB

- Summer Residential / Camping
- Hospital, School / Residential
- Hotel / Office
- Rural
- During nighttime
1) Smaller airfield, airport, or military airfield The Danish
Government has subsidized noise insulation for dwellings
exposed to 24-h averaged sound levels greater than 65 dB.

LAeq,T

ABC

A: 07-18(Mon/Fri), 07-14(Sat) B: 18-22(Mon/Fri), 1422(Sat), 07-22(Sun) C: 22-07(All days)
- Commercial / Industrial
- Commercial / Industrial; Ban on Noisy Activities
- Residential / Commercial Mix
- High Rise Residential
-Low Rise Residential
- Recreational Areas
- Allotment Gardens
- Rural
* Levels vary depending on location and planning purpose
for an area

All subsonic jet aircraft taking off or landing in Hong Kong
shall be certificated for noise in accordance with the
requirements of ICAO Annex 16.

Night

Industry

Regulation Immission Free Field

Dayeveningnight

70 dB 70 dB 70 dB
60 dB 60 dB 60 dB
55 dB 45 dB 40 dB
50 dB 45 dB 40 dB
45 dB 40 dB 35 dB
40 dB 35 dB 35 dB
***
** ** **
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Country

Finland

France
France

France

France

France

Title

The Finnish Noise
Abatement Policy

Noise type

All sources

Category

Nature

Space of
assessment

Guidelines Immission Free field

Time

Day-night

Index

Noise level limits

LAeq,T

55dB (07-22), 50dB (2207)
55dB (07-22), 50dB (2207)
55dB (07-22), 50dB (2207)
55dB (07-22), 45dB (2207)
45dB (07-22), 40dB (2207)
In France, national policies, regulations, and standards are enacted and enforced by the national government.
Basic law about the Road traffic Regulation Immission Outdoor 2 m in Day-night
LAeq,T
fight against noise
front of windows
60 dB (06-22), 55 dB (22n°92-1444
06)
(31/12/92) Decree
57 dB (06-22), 55 dB (22n°95-22(9/01/95)
06)
about land65 dB (06-22), 60 dB (22transport noise
06)
limits /Order of
5/05/95 concerning
road noise
Circular of 12/06/01 Traffic on
Regulation Immission Outdoor 2 m in Day-night
LAeq,T
70 dB (06-22), 65 dB (22about land transport existing
front of windows
06)
noise in areas with roads
65 dB (06-22), 60 dB (22high noise levels
06)
Basic law about the Railways
Regulation Immission Outdoor 2 m in Day-night
LAeq,T
fight against noise
front of windows
60 dB (06-22), 55 dB (22n°92-1444
06)
(31/12/92) Decree
57 dB (06-22), 55 dB (22n°95-22(9/01/95)
06)
about land65 dB (06-22), 60 dB (22transport noise
06)
limits /Order of
8/11/99 concerning
railway noise
Law about
Civil aircraft Regulation Immission Outdoor 10 m
DayLden
Zone A: Lden > 70 dB
urbanism around
from the façade eveningZone B: 62 dB ≥ Lden ≥
airports (11/07/85),
of a building and night
70 dB Zone C: 57 dB ≥
and Decree 20023.5 m above the
Lden ≥ 65 dB Zone D:
626, (26 April 2002)
ground
Lden ≥ 50 dB to the

Notes
** Levels are not to exceed the background sound levels
Noise level limits are adjusted by -5dB for clearly audible
tonal sounds and also for impulsive sounds.
Type of area:
- Residential
- Recreation in conglomerations and areas in their
proximity
- Areas serving nursing or educational institutions
- New residential and recreation areas and areas serving
nursing or educational institutions
- Holiday settlements (camping sites, etc.)

New or modified land uses:
- Residential areas, and schools
- Hospitals
- Other areas

- For existing infrastructures
- After modifications

New or modified land uses:
- Residential areas, and schools
- Hospitals
- Other areas

Zones are defined by calculated contours of day-eveningnight averaged sound level around an airport. Land
planning restrictions are imposed within zones exposed to
aircraft noise, particularly concerning building insulation.
For some airports, the lower noise-level limit for zones B
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Country

France

Title

Noise type

Law about industrial Industry
activities (19/07/76)
Order (23/01/97)
about noise
radiated in the
environment by
installations
classified for the
protection of the
environment

Category

Nature

Space of
assessment

Regulation Эмиссия Border of the
industrial
premises

Time

Index

Day-night

LAeq,T

Immission Outdoor 2 m in Day-night
front of windows

LAeq,T
,LA50,T

France

Law about industrial Industry
activities (19/07/76)
Decree 2006-1099
about community
noise control
(31/08/06)

Regulation Immission Снаружи
здания в 2 м
перед окнами
либо внутри
здания

Day-night

LA50,T or
other

France

Decree 98-1143
about facilities
regularly featuring
amplified music

Regulation Immission 50 cm from
loudspeakers

Day-night

LAeq,T
LC,peak

Day-night

LAeq,T

Entertain
ment

Эмиссия Снаружи
здания в 2 м
перед окнами
либо внутри
здания

Noise level limits

Notes

lower limit for zone C (57
dB to 55 dB)
50 dB (day), 40 dB
(night)
55 dB (day), 45 dB
(night)

and C may be chosen as 65 dB instead of 62 dB and 55 dB
instead of 57 dB, respectively
- Rural residential areas
- Urban residential areas

Difference between
ambient sound level 1)
and background sound
level 2) not greater than
5 dB in daytime hours
and not greater than 3 dB
in nighttime hours.

1) Ambient sound level at some location is the Timeaveraged, A-weighted sound level, LAeq,T, measured with all
sound sources operating including the source of interest in
a stated averaging time. 2) Background sound level at the
same location is the A-weighted sound level, LA50,T,
measured 50% of the time with all sound sources operating
except the source of interest during a stated period.
Use the 50th percentile level of background sound when
the difference between ambient and background sound
levels exceeds 5 dB.
Difference between
Choice of sound level index to be made in accordance with
ambient sound level 1)
French Standard NF S31:010 Decree 2006-1099 includes
and background sound
a requirement that the difference between the octave-band
level 2) not greater than ambient sound pressure levels and the corresponding
5 dB in daytime hours
octave-band background sound pressure levels shall not
and not greater than 3 dB exceed 7 dB for nominal midband frequencies of 125 Hz
in nighttime hours
and 250 Hz, or 5 dB for nominal midband frequencies from
500 Hz through 8 kHz.
105 dB
Time-averaged sound levels and Z-weighted peak sound
120 dB
levels are those measured in a 10-minute period that
includes the loudest sounds.
Difference between
ambient sound level 1)
and background sound
level 2) not greater than
3 dB

1) Ambient sound level at some location is the timeaveraged, A-weighted sound level, LAeq,T, measured with
all sound sources operating including the source of interest
in a stated averaging time. 2) Background sound level at
the same location is the A-weighted sound level, LA50,T,
measured 50 % of the time with all sound sources
operating except the source of interest during a stated
period.
The difference between the octave-band ambient sound
pressure levels and the corresponding octave-band
background sound pressure levels inside the premises
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Country

Germany

Title

Category

Nature

Space of
assessment

Time

Index

Noise level limits

Road traffic Regulation Immission Outdoor, free
and railways
field

Day / night LAeq,T

Germany

Remedial Program Road traffic Guidelines Immission Outdoor, free
for existing federal and railways
field
roads (since 1978)
and railways (since
1999)

Day / night LAeq,T

Germany

Annex 1 to DIN
Road traffic Guidelines Immission Outdoor, free
18005 Noise
and railways
field
Protection in Urban
Planning (1987)

Day / night LAeq,T

Air Traffic Noise Act Civil &
2007 June 01
military
aircraft
Technische
Industry
Anleitung zum
Schutz gegen
Laerm 16 Juli 1968)

Regulation Immission Outdoor, free
field

Day / night LAeq,16h

Regulation Immission Outdoor, quasi
free field

Day / night LAeq,16h
and LAeq,1h 45 dB (06-22) / 35 dB
(22-06)
50 dB (06-22) / 35 dB
(22-06)
55 dB (06-22) / 40 dB
(22-06)

Germany

Germany

Traffic Noise
Ordinance, 1990
June 12

Noise type

57 dB (06-22) / 47 dB
(22-06)
59 dB (06-22) / 49 dB
(22-06)
64 dB (06-22) / 54 dB
(22-06)
69 dB (06-22) / 59 dB
(22-06)

70 dB (06-22) / 60 dB
(22-06)
72 dB (06-22) / 62 dB
(22-06)
75 dB (06-22) / 65 dB
(22-06)
50 dB (06-22) / 40 dB
(22-06)
55 dB (06-22) / 45 dB
(22-06)
55 dB (06-22) / 45 dB
(22-06)
60 dB (06-22) / 45 dB
(22-06)
60 dB (06-22) / 50 dB
(22-06)
65 dB (06-22) / 55 dB
(22-06)
see notes

Notes
shall not exceed 3 dB for nominal midband frequencies of
125 Hz 8 kHz.
Limits for new & significantly modified roads*)
- Hospitals and schools
- Residential areas
- Mixed business & residential areas
- Areas with light industry
*) The sound from railway operations on new lines or
existing lines is subject to the noise immission limits as for
road traffic except that 5 dB is subtracted from the
measured or calculated time-averaged A-weighted sound
level of a railway before comparison with these limits to
allow for the lower perceived annoyance from the sound of
trains having the same time-averaged sound level as other
sources.
- Hospitals, schools, & residential areas
- Mixed business & residential areas
- Areas with light industry (with 5 dB adjustment for the
sound of railway operations, see above)

Noise level limits apply for planning of new residential and
other areas
- Purely residential areas, spa areas, vacation areas
- Mainly residential areas, campgrounds
- Cemeteries, parks
- Special residential areas
- Rural areas, mixed residential and commercial areas
- Town centers, commercial areas (with 5 dB adjustment
for the sound of railway operations, see above)

see notes

Type of area:
- Hospital
- Exclusively residential
- Mainly residential
- Mixed residential & commercial
- Commercial & industrial
- Industrial
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Country

Title

Noise type

Category

Nature

Space of
assessment

Time

Index

Noise level limits

Notes

60 dB (06-22) / 45 dB
(22-06)
65 dB (06-22) / 50 dB
(22-06)
70 dB (06-22) / 70 dB
(22-06)
67 dB (08-20) 70 dB (0624)

Sounds from industrial operations are measured in a quasi
free field without reflections except from the ground.
LAeq,16h (06-22) or LAeq,1h (22-06) with a 3 dB or 6 dB
adjustment for tonal components and an adjustment for
impulsive sound of LAIeq,T -LAeq,T or LAFTeq -LAeq,T

Greece

Ministerial Decision Road traffic
17252 (6.1992)

Regulation Immission Façade
?

Day?

LAeq,T
LA10,T

Greece

Presidential Decree Civil aircraft
1178 (10.1981)

Regulation Immission Free field?
?

Day-night

NEF

Greece

Presidential Decree Industry
1180 (10.1981)

Regulation Emission ?
?
?

?

LAmax

Ireland

The Environmental Road traffic
Protection Agency
Act (Noise)
Regulations 1994?
The name of the
Civil aircraft
law?
The name of the
Industry
law?

Regulation Immission ?
?

Day only?

LA10,T

In the case of specific buildings, such as schools and
hospitals, the noise level limits can be reduced by 5 dB to
10 dB.
Three zones are
The procedure for determining an annual average Noise
specified: NEF >40 NEF Exposure Forecast at a point around an airport is described
30 to 40 NEF <30.
in Table D.2.
70 dB 65 dB 55 dB 50 dB Type of area: - Industrial - Mixed (Predominantly Industrial)
- Mixed (Predominantly Residential) -Urban (Strictly
Residential) or Rural
65 dB to 68 dB (06-24)

Regulation Immission ?
?
Regulation Immission Free Field
?

?

NNI

No limits are specified.

Day-night

LAeq,1h
LAeq,5min

Decree of the
Road traffic
President of the
Republic 30 March
2004, n. 142
Decree of the
Railways
President of the
Republic 18
November 1998, n.
459
Decree of the
Aircraft
Ministry of
Environment 31
October 1997

Regulation Immission Outdoor, 1 m
from façade

Day-night

LAeq,T

Regulation Immission Outdoor, 1 m
from façade

Day-night

LAeq,T

70 dB (06-22), 60 dB (22- Railway-receiver distance not greater than 100 m.
06) 50 dB (06-22), 40 dB Sensitive receivers: schools, hospitals
(22-06)

Regulation Immission Free field

Day-night

Lva

Zone A: Lva < 65 dB
Zone B: Lva = 65 dB to
75 dB Zone C: Lva > 75
dB

Ireland
Ireland

Italy

Italy

Italy

The procedure for determining an annual average Noise
and Number Index (NNI) is described in Table D.2.
LAeq,T -LA90,T < 5 dB Industrial noise is assessed using the British Standard
to 10 dB
BS4142 in which the free-field LAeq,1h (day), or
LAeq,5min (night), of the noise source, with a 5 dB
adjustment for tonal or impulsive components, is compared
with the background noise measured using LA90,T.
Complaints are considered likely if the adjusted specific
noise level exceeds the background by 10 dB or more. A
difference of 5 dB is considered to be of marginal
significance.
70 dB (06-22), 60 dB (22- Existing major roads, road-receiver distance not greater
06) 50 dB (06-22), 40 dB than 100 m. Sensitive receivers: schools, hospitals
(22-06)

Zone A: no restriction to land use. Zone B: no residential
land use. Zone C: activities linked to airport only.
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Country
Italy

Italy

Japan
Japan

Japan

Japan

Japan

Title

Noise type

Decree of the Prime Industry
Minister 14
November 1997

Category

Nature

Space of
assessment
Regulation Эмиссия Outdoor, 1 m
from façade

Time
Day-night

Index
LAeq,T

Noise level limits

Notes

45 dB (06-22), 35 dB (22- For the emission of a specific sound source, noise limits
06) 50 dB (06-22), 40 dB depend on the type of land use: - Sensitive: hospital,
(22-06) 55 dB (06-22), 45 school, etc. - Residential - Mixed Residential / Commercial
dB (22-06) 60 dB (06- High density of Residential / Commercial - Industrial
22), 50 dB (22-06) 65 dB (mainly) - Industrial. Penalties of + 3 dB must be applied
(06-22), 55 dB (22-06) 65 when the sound has tonal components and + 3 dB when
dB (06-22), 65 dB (22the sound is impulsive.
06)
Decree of the Prime Industry
Regulation Immission Outdoor, 1 m
Day-night
LAeq,T
50 dB (06-22), 40 dB (22- For the sound immission from all sources, noise limits
Minister 14
from façade
06) 55 dB (06-22), 45 dB depend on the type of land use: - Sensitive: hospital,
November 1997
(22-06) 60 dB (06-22), 50 school, etc. - Residential - Mixed Residential / Commercial
dB (22-06) 65 dB (06- High density of Residential / Commercial - Industrial
22), 55 dB (22-06) 70 dB (mainly) - Industrial. Penalties of + 3 dB must be applied
(06-22), 60 dB (22-06) 70 when the sound has tonal components and + 3 dB when
dB (06-22), 70 dB (22the sound is impulsive.
06)
In Japan, national policies and regulations or standards are enacted and enforced by the national government. Local governments issue ordinances for enforcement of the national
regulations or standards. Local governments can also enact their own ordinances for noise regulations or standards.
Environmental
General
Guidelines Immission Outdoor: free
Day and
LAeq,T
50 dB (06-22), 40 dB (22- For general Residential Areas: - Area AA *) - Area A and
Quality Standards sources and
field If the effect night
06) 55 dB (06-22), 45 dB Area B - Area C Roadside Areas: - Area A (facing two or
for Noise (1971,
road traffic
of reflections
(22-06) 60 dB (06-22), 50 more lanes) -Area B (facing two or more lanes) and Area C
last revised in
from a nearby
dB (22-06) 60 dB (06(facing one or more lanes) For Areas adjacent to arterial
1998)
building or
22), 55 dB (22-06) 65 dB roads: - Outdoor - Indoor *) AA: Areas that especially
buildings cannot
(06-22), 60 dB (22-06) 70 require a quiet environment, such as those in which
be ignored in a
dB (06-22), 65 dB (22convalescent facilities and welfare institutions are
measurement of
06) 45 dB (06-22), 40 dB concentrated A: Areas exclusively for residential use B:
sound level, the
(22-06)
Areas mainly for residential use C: Areas for commercial
sound shall be
and industrial use and significant residential use
measured where
the effects of
reflections are
negligible.
Noise Regulation
Motor
Regulation Эмиссия at 0.5 m at 7.5 m None
LAFmax
96-100 dB 1) 72-83 dB 1) - exhaust sound - drive-by at a steady speed - drive-by with
Law (1970, last
vehicles
at 7.5 m
76-82 dB 1)
acceleration 1) The limits apply to new vehicles and differ
revised in 2000)
by vehicle type.
Noise Regulation
Road traffic Regulation Immission at roadsides
Day and
LAeq,T
65 dB (6-22), 55 dB (22- -Area A and Area B facing a single lane road - Area A
Law (1970, last
night
06) 70 dB (6-22), 65 dB facing a road with two or more lanes -Area B facing a road
revised in 2000)
(22-06) 75 dB (6-22), 70 with two or more lanes and Area C facing a road with two
dB (22-06)
or more lanes
Noise Regulation
Industry
Regulation Эмиссия On the boundary Day,
LAF 1) LAF5 50-60 dB (day) *) 45-50 1) For steady sounds 2) See Table D.1 3) For impulsive
Law (1970, last
morning
2) LAFmax dB (morning and
sounds all with the same maximum level 4) See Table D.1
revised in 2001)
and
3) LAFmax5 evening) 40-50 dB (night)
evening,
4)
*) Local governments
and night
determine the limits and
the hours.
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Country

Title

Noise type

Category

Nature

Space of
Time
assessment
Regulation Эмиссия On the boundary Day
(Nighttime
and holiday
work is
prohibited
in principle)

Index

Noise level limits

Notes

Japan

Noise Regulation
Law (1970, last
revised in 2001)

Construct ion

Japan

Environmental
Quality Standards
for Noise of
Shinkansen Trains
(1975)

SuperExpress
trains

Japan

Guidelines of noise Conventional Guidelines Эмиссия Outdoor, at 12.5 Day and
LAeq,T
levels for
railway
m
night
conventional
railways, notification 174
(Dec. 20 1995)
Environmental
Civil aircraft Guidelines Immission Outdoor: free
DayLden 1)
57 dB 62 dB
- Area I (exclusively for residential use) - Area II (where
Quality Standards
field
eveningnormal living conditions should be preserved) 1) The index
for Aircraft Noise
night
Lden was introduced in the 2007 version of the Guidelines
(1973, revised
replacing WECPNL.
2007)
In Korea, national policies on noise are enacted by the national government with Environmental Quality Standards and Regulatory Standards. Local governments have the responsibility for
noise control by enforcing the Regulatory Standards under the Regulatory Laws.
Environmental
General
Guidelines Immission Outdoors
Day-night
LAeq,T
50 dB (06-22), 40 dB (22- - Areas that especially require a quiet environment. - Areas
Quality Standards
06) 55 dB (06-22), 45 dB mainly for residential with some commercial use - Areas for
under the Basic
(22-06) 65 dB (06-22), 55 commercial use - Areas for industrial use
Law for
dB (22-06) 70 dB (06Environment (1991)
22), 65 dB (22-06)
Environmental
Road traffic Guidelines Immission Outdoors in
Day-night
LAeq,T
65 dB (06-22), 55 dB (22- - Areas mainly for residential with some commercial use Quality Standards
areas facing
06) 70 dB (06-22), 60 dB Areas for commercial use - Areas for industrial use
(1991)
roads
(22-06) 75 dB (06-22), 70
dB (22-06)
Environmental
High speed Guidelines Immission Outdoors
Day-night
LAeq,24h
63 dB 68 dB 60 dB 65 dB Existing train lines - Area I: Areas for mainly residential
Quality Standards trains
(affected areas)
use. - Area II: Areas for commercial and industrial use with
(1991, revised
no significant residential use. For new train lines after 2015
2000)
- Area I - Area II

Japan

Korea
Korea

Korea

Korea

Guidelines Immission Outdoor: free
field

Any time
(06-24)

LAF 1) LAF5 85 dB
2) LAFmax
3) LAFmax5
4)

LASmax 1)

1) For steady sounds 2) F-time-weighted and A-frequencyweighted sound levels exceeded 5 % of the time interval
that applies for continuously fluctuating sounds 3) For
impulsive sounds all with the same maximum level 4)
When the sound from a construction source has an
impulsive character and the maximum F-timeweighted and
A-frequency-weighted levels of the impulsive sounds are
not all the same, the noise level limit applies for the
greatest 5% of the maximum sound levels occurring within
the specified periods of a day
70 dB 75 dB
- Area I (mainly for residential use) - Area II (where normal
living conditions should be preserved, including commercial
and industrial areas) 1) The maximum S-time-weighted and
A-frequencyweighted sound level is measured at a
prescribed position during the passage of 20 consecutive
trains. For assessing compliance with the noise-level limits,
the level of the average of the squared sound pressure
signals is calculated from the ten highest of the 20
measured maximum sound levels.
60 dB (07-22), 55 dB (22- 1) The noise level limits apply to new construction of
07) 1)
conventional railways. In the case of a large-scale
alteration of existing rail tracks, the average sound level
after completion of construction shall not exceed the
average sound level before the start of the alterations.
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Country
Korea

Korea

Korea

Korea

Korea

Title
Noise and Vibration
Regulatory Law
(1991, revised
2004)
Noise and Vibration
Regulatory Law
(1991, revised
2004)
Noise and Vibration
Regulatory Law
(1991, revised
2004)
Noise and Vibration
Regulatory Law
(1991, revised
2004)
Noise and Vibration
Regulatory Law
(1991, revised
2004)

Noise type
Civil aircraft

Category

Nature

Space of
Time
assessment
Regulation Immission Outdoors
Day(affected areas) eveningnight

Index

Noise level limits

WECPNL 75 dB
1)

Notes
-Areas either exclusively residential or with some
commercial activities 1) WECPNL calculation method
shown in Table D.2

Road traffic

Regulation Эмиссия Outdoor
Day-night
(affected areas)

LAeq,T

68 dB (06-22), 58 dB (22- - Areas for mainly residential and green belt use. - Areas
06) 73 dB (06-22), 63 dB for commercial, industrial and other uses
(22-06)

Trains

Regulation Эмиссия Outdoor
Day-night
(affected areas)

LAeq,T

Regulation Эмиссия On the boundary Day,
facing affected morning,
areas
evening,night
Construction Regulation Эмиссия On the boundary Day,
facing affected morning,
areas
evening,night

LAeq,T

70 dB (06-22), 65 dB (22- - Areas for mainly residential and green belt use.1) After
06) 1) 75 dB (06-22), 70 2010, night limit becomes 60 dB (22-06) - Areas for
dB (22-06) 2)
commercial, industrial and other uses 2) After 2010, night
limit becomes 65 dB (22-06)
55 dB (08-18), 50 dB (05- - Areas for mainly residential and green belt use. - Other
08, 18-22), 45 dB (22-05) areas
65 dB (08-18), 60 dB (0508, 18-22), 55 dB (22-05)
70 dB (08-18) 1), 65 dB
-Areas for mainly residential and green belt uses. 1) After
(05-08, 18-22), 55 dB
2009, day limit becomes 65 dB (08-18) - Other areas
(22-05) 75 dB (08-18), 70
dB (05-08, 1822), 55 dB
(22-05)
Road traffic: 45 dB to 70 The immission oriented part of the legislation is primarily
dB Rail traffic: 47 dB to valid for new situations, but there are also provisions for
72 dB No limits are
the improvement of existing situations. The noise-level
prescribed See EU
limits to be established depend on the character of an
Noise-Emission
affected area (i.e., six categories ranging from 'nature' to
Directives
'industrial area') For each category, there is a 10 dB to 15
dB range in which the limits shall be set. There are
additional rules for the use of this range. For the main
roads and railways, the limits are established by the central
government. Regional and local authorities have the
authority to set limits applicable to regional and local
situations. Application of a limit on nighttime average sound
level is only in relation to the END 1), which is implemented
in The Netherlands by the Noise Abatement Act. For the
zoning of industrial areas (connected with a licensing
system) an outdated noise index (called “etmaalwaarde” in
Dutch) is still used. In that context, penalties are applied for
tones and impulsive sounds. The EU noise-emission
directives for road and rail vehicles, ships, and outdoor
machinery are implemented by the Noise Abatement Act.
Limits range from 55 dB The Civil Aviation Act has other rules for Amsterdam
to 62 dB at specific
Schiphol Airport than for the regional airports in The
positions near Schiphol Netherlands. For regional airports, the outdated index (Ke
Airport. No limits are
= Kosten unit) is still applied, except for noise mapping that

Industry

LAeq,T

The
Noise Abatement
All sources
Netherlands Act with associated except
(ministerial)
aircraft
regulations and
guidelines in
connection with the
Environmental
Protection Act

Statutory

Emission For immission:
and
outdoor, free
immission field

For
Lden
immission: - Ln
Dayeveningnight - Night
For
emission:
see EU
NoiseEmission
Directives

The
Civil Aviation Act
Netherlands with associated
(ministerial)
regulations

Statutory

Emission For immission:
and
outdoor, free
immission field

For
Lden
immission - Ln
Day-

Civil aircraft
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Country

Title

Noise type

Category

Nature

Space of
assessment

Time

Index

eveningnight - Night
For
emission
See ICAO
or EU
Directives

New
Zealand

Acoustics –
Environmental
noise (NZS
6802:2008)

All except
Guidelines Эмиссия Outdoor, free
transporta
field
tion and wind
turbines

New
Zealand

Transit New
Zealand’s
Guidelines for the
Management of
Road Traffic Noise
– State Highway
Improvements

Road traffic

New
Zealand

Acoustics – Port
Seaports
Noise Management
and Land Use
Planning (NZS
6809:1999)

Day/Night

LAeq,15 min
LAFmax

Guidelines Эмиссия Outdoor, 1 m
All day
from façade
most exposed to
the sound of
road traffic

LAeq,24 h

Regulation Эмиссия Outdoor, free
field

Ldn
LAeq,T
LAmax
Ldn

Day/Night
Night
Night
Day/Night

Noise level limits

Notes

prescribed for arbitrary
immission positions.
Limits range from 45 dB
to 53 dB at specific
positions near Schiphol
Airport. No limits are
prescribed for arbitrary
immission positions See
ICAO Annex 16 for limits
on certification noise
levels for civil aircraft
At residential sites: 55
dB, daytime 50 dB,
evening 45 dB,
nighttime1 75 dB,
nighttime
- 55 dB in low-noise
areas with long-term
ambient sound level <43
dB – 62 dB in medium
noise areas with longterm ambient sound level
between 43 dB and 59
dB for high noise areas:
– ambient + 3 dB for
ambient sound levels
between 59 dB and 67
dB – 70 dB for ambient
sound levels between 67
dB and 70 dB – ambient
level when the ambient
sound level is >70 dB
65 dB (average of the
highest day-night sound
levels on any five days in
a month) 60 dB from
2100 to 0700 provided
that no single
measurement of LAeq,15
min exceeds 65 dB 85
dB 65 dB for the Inner
Control Boundary 55 dB
for the Outer Control
Boundary

is in accordance with the END, where applicable. For
regional airports, there is a zoning system with strict rules
and limits for the area within a zone. For Schiphol Airport,
there is a related and more complicated system. The EU
noise-emission directives for aircraft noise and the aviation
part of the END are implemented by the Civil Aviation Act.
There is no legislation to limit the sound from military
aircraft, but the Ministry of Defense voluntarily follows the
zoning rules for civil aviation.

Local authorities may adopt different noise-level limits 1
Guidelines recognize that nighttime should be a minimum
of 8 hours.

Noise-level limits depend on current ambient sound level.
Limits apply to design year 10 years after completion of
highway improvement

Seaport noise boundaries Area A: inside Inner Control
Boundary where noise-sensitive development is prohibited
Area B: between Inner and Outer Control Boundaries
where limited noise-sensitive development is permitted with
conditions Area C: outside the Outer Control Boundary
where noise-sensitive developments are permitted
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Country
New
Zealand

New
Zealand

New
Zealand

New
Zealand

Norway

Norway

Norway

Title

Noise type

Acoustics – Wind
Wind
Turbine Generators turbines
(NZS 6808:1998)

Category

Nature

Space of
assessment
Guidelines Эмиссия Outdoor, free
field in the
vicinity of
dwellings
Regulation Эмиссия Outdoor, free
field

Time

Index
LAeq,T
LA95,T

Noise level limits

Notes

40 dB, or LA95,T + 5 dB,
whichever is the greater
in some appropriate time
interval
Acoustics – Airport Civil aircraft
Day/Night Ldn
65 dB for the Air-Noise
Day-Night averaged sound levels are calculated for the
Noise Management
Boundary 55 dB for the sound from aircraft operating in a 3-month period Limited
and Land Use
Outer Control Boundary potential for development for noise-sensitive uses at sites
Planning (NZS
inside the Air-Noise Boundary No new incompatible uses
6805:1999)
are to be established inside the Outer Control Boundary
Location of Control Boundaries reviewed at 10-year
intervals
Noise Management Helicopters Regulation Эмиссия Outdoor, free
Day/Night Ldn
75 dB for industrial sites Complementary to NZS 6805 for aircraft
and Land Use
field
Ldn
65 dB for commercial
Planning for
LAmax
sites For residential
Helicopter Landing
Ldn
areas and for rural areas
Areas (NZS
LAmax
at a notional boundary 20
6807:1994)
m from a dwelling: 50 dB
70 dB For the interior of
residences: 40 dB 55 dB
Acoustics –
Construction Guidelines Эмиссия Outdoor, 1 m
Day/Night LAeq,T
For residential sites:
Noise-level limits depend on the duration of construction.
Construction Noise
from façade
LAmax
(0630 to 0730) 60 dB 75 For short durations of <15 days, 5 dB higher limits are
most exposed to
LAeq,T
dB (0730 to 1800) 75 dB permitted. For long durations of >20 weeks, the limits are
the sound of
LAmax
90 dB (1800 to 2000) 70 reduced by 5 dB.
construction
LAeq,T
dB 85 dB (2000 to 0630)
activities
LAmax
45 dB 75 dB For
LAeq,T
business and commercial
LAmax
sites: 75 dB (0730 to
LAeq,T
1800) 80 dB (1800 to
LAeq,T
0730)
In Norway, national policies and regulations are enacted and enforced by the national government through parliament and ministries. Standards are enacted by independent national
standardization bodies, where the ministries may take part. Both regulations and standards during the last few years have been strongly organized by EC-directives through the
membership in the European Economic Area. When a standard is referred to in a regulation, the use of it becomes mandatory.
Guideline on noise Various
Guidelines Immission Outdoor, most
DayLden
Road: 55 dB Railway : 58 Transport and industrial noise sources have supplemental
in planning (T-1442, sounds in
exposed facade, eveningdB Aircraft: 52 dB
maximum levels at night (23-07), when the maximum A2005)
sensitive
free-field,
night
Industrial (impulsive): 50 frequency-weighted and F-timeweighted sound level of 10
buildings or
relevant height
dB Industrial (non-imp): events exceeds a specified limit. For motor-sport and
areas.
for dwelling
55 dB Motor-sport: 45 dB shooting ranges: nighttime activities should be avoided
Shooting ranges: 30 dB
Wind turbines: 45 dB
Technical
Inside homes Regulation Immission Indoor
All day and LAeq,24h
30 dB (24 hours) 45 dB 1) Noise from transport and general outdoor sources
Regulations (1997) 1)
night
LAFmax
(06-22) if more than ten
-Sound classes for
events
buildings (1997)
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Country
Norway

Norway

Norway
Portugal

Portugal

Slovenia
Slovenia

Title

Noise type

Category

Nature

Space of
assessment
Regulation on limits Inside homes Guidelines Immission Indoor
for local pollution
and noise (1997)
Control of Products Power
Regulation Эмиссия
Act (1976)/
mowers
Regulations on
power mowers
(1994)
Regulations on toys Toys
Regulation Immission

Time
All day

Index

Noise level limits

Notes

LAeq,24h

42 dB 2)

2) Initial situation: with closed air inlets. Mitigated situation:
with mechanical ventilation.

LWA

96 dB - 105 dB 3)

3) Depending on cutting width

LAFmax

95 dB at 50 cm, 90 dB at 4) Small items, possibly used close to an ear
2.5 cm 4)
General Regulation All sources Statutory Immission Outdoor: free
DayLden and Lden ≤ 65 dB Ln ≤ 55 dB Classification: -mixed zones (land use criteria: Commercial
on Noise: Decree- except
field or 2 m from eveningLn
Lden ≤ 55 dB Ln ≤ 45 dB and Residential) - - Sensitive zones (land use criteria:
Law no. 09/07
industry
façade
night and
Residential) New residential buildings, schools, and
(January 2007)
night Day:
hospitals shall not be authorized if they would be in
07-20;
violation of the applicable land-use criteria. Sensitive zones
Evening:
in the vicinity of existing road and rail-traffic infrastructures,
2023; Night:
defined in accordance with the END 1), shall comply with
2307
the mixed-zone noise-level limits. Sensitive zones in the
vicinity of projected (future) road and rail-traffic
infrastructures, defined in accordance with the END, shall
comply with the mixed-zone noise-level limits, minus 5 dB.
Sensitive zones in the vicinity of air traffic infrastructures,
defined in accordance with the END, shall comply with the
mixed-zone noise-level limits. Air traffic movements in (and
around) airports are forbidden between 00h to 06h.
General Regulation Industry
Regulation Immission Outdoor and
Day: 07-20 LAeq,T
LAeq,T -LAeq,T(residual) In addition to the limit on the difference between the timeon Noise: Decreeindoor
Evening:
≤ 5 dB LAeq,T averaged sound levels, the limit for the time-averaged level
Law no. 09/07
20-23
LAeq,T(residual) ≤ 4 dB of the sound from industrial sources shall be reduced by 3
(January 2007)
Night: 23LAeq,T -LAeq,T(residual) dB if the sound is impulsive in character or by 3 dB if the
07
≤ 3 dB
sound is tonal in character or by 6 dB if the sound is both
impulsive and tonal.
In Slovenia, the national government enacts legislation on noise. The Ministry of the Environment and Spatial Planning implements the legislation with regulations on community noise and
environmental inspection.
Decree relating to Road traffic, Regulation Immission Outdoor per ISO DayLn
Area Ln Lden A 65 dB
Noise level limits applicable to individual areas depend on
assessment and
railways, civil
1996-2
eveningLden
75 dB B 50 dB 60 dB C the corresponding land use and the applicable timemanagement of
aircraft,
night Day:
45 dB 55 dB D 40 dB 50 average sound level. Four types of areas are specified as
environmental
industry
06-18
dB
follows: - A: Areas where high sound levels are permitted,
noise (O. J. RS,
Evening:
for example, non-residential areas used for industry and
121/2004)
18-22
manufacturing - B: Areas where lower levels of intruding
Night: 22noise are permitted, for example, residential areas with
24 & 00-06
some retail and light-manufacturing businesses - C: Areas
where disturbing sounds are not permitted, for example,
primarily residential areas - D: Areas that require the lowest
level of prevailing sound, for example, quiet regions in
open country
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Country
Slovenia

Slovenia

Spain

Spain

Spain
Sweden

Sweden

Sweden

Title

Space of
Time
assessment
Decree relating to Road traffic, Regulation Immission Outdoor per ISO Daylimits on timerailways, civil
1996-2
eveningaverage sound
aircraft
night Day:
level indicators of
06-18
environmental
Evening:
noise (O. J. RS,
18-22
105/2005)
Night: 2224 & 00-06
Rules on Initial
Civil aircraft, Regulation Immission Outdoor per ISO DayMeasurement of
industry
1996-2
eveningNoise and
night Day:
Operational
06-18
Monitoring of
Evening:
Sources of Noise
18-22
(O. J. RS, 70/1996)
Night: 2224 & 00-06
The Noise Law
All sources Regulation Immission Façade
Day-night
(1993)?
?

Royal legislative
decree 1302/1986

Noise type

Railways

Category

Nature

Regulation Immission Outdoor?
?

All day or
day-night

Index

Noise level limits

Notes

Ld
Le
Ln
Lden

Area Ld Le Ln Lden A 70 These noise level limits apply to individual areas as
dB 65 dB 60 dB 70 dB B described above and for the sound from road traffic,
65 dB 60 dB 55 dB 65 dB railways, and operations of civil aircraft from major airports
C 60 dB 55 dB 50 dB 60
dB D 55 dB 50 dB 45 dB
55 dB

Ld
Le
Ln
Lden

Area Ld Le Ln Lden A 73 These noise level limits apply to individual areas as
dB 68 dB 63 dB 73 dB B described above and for the sound from operations of civil
58 dB 53 dB 48 dB 58 dB aircraft from major airports and from industrial activities
C 52 dB 47 dB 42 dB 52
dB D 47 dB 42 dB 37 dB
47 dB

LAeq.T

A B C D 1) 60/50, 55/45,
50/40, 50/40 65/55,
60/50, 60/45, 55/40
70/60, 65/60, 70/60,
65/55 75/75, 75/70,
75/70, 70/65

LAeq.T

- Hospitals, schools, theatres, parks - Residential areas,
hotels, recreational areas - Offices, shops, restaurants Industry 1) A: Existing source-Existing receiver B: New
source-Existing receiver C: Existing source-New receiver
D: New source-New receiver These area classifications
were under review. There are many different local
requirements and regulations.
For residential areas and areas where wildlife are to be
protected

LAeq,24h: 65 dB or
LAeq,d: 65 dB and
LAeq,,n : 55 dB
Royal legislative
Civil aircraft Regulation Immission Outdoor?
Day-night
LAeq.T
65 dB (07-23), 55 dB (23- Grants for noise insulation are applicable to residential
decree 1302/1986
?
07)
buildings built before April 1996.
In Sweden, immission requirements for control of noise generally follow the recommendations of the World Health Organization. Noise level limits are given as guidelines that are generally
followed. If a measured noise level exceeds a guideline, there is an obligation for the person responsible for the sound source to take actions to reduce the level of the sound to comply
with the guideline. A notation of "free field" for the Space of Assessment refers to sound levels measured outdoors and adjusted for the effects of reflections from the façade of nearby
houses and other structures, but not reflections from the ground. Emission requirements to limit the level of the sound from products generally follow EU Directives. The maximum F-timeweighted and A-frequency-weighted sound level is the 3rd or 5th highest during nighttime hours or during the daytime hour having the highest maximum sound level.
Guidelines adopted Road traffic Guidelines Immission Free field
All day
LAeq,24h
55 dB outdoors 30 dB
Noise level limits apply in the following places: - Permanent
by Parliament and
LAFmax
indoors 70 dB outdoors dwellings, health care institutions, educational premises implemented by
45 dB indoors
Recreational parts of built up areas including private areas
government
and spaces - Occupational premises The limits on indoor
authorities
sound levels are strictly applied for the sound of road
traffic. Some flexibility in application of the noise-level limits
is allowed for outdoor locations in urban areas. Special
action plans are required for established areas where the
sound level from road traffic exceeds the guidelines.
Guidelines adopted Railways
Guidelines Immission Free field
All day
LAeq,24h
55 dB outdoors 30 dB
by Parliament and
LAFmax
indoors 70 dB outdoors
implemented by
45 dB indoors
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Country

Sweden

Sweden

Title

Noise type

government
authorities
Guidelines adopted Civil aircraft
by Parliament and
implemented by
government
authorities
Guidelines issued Industry
by the Swedish
Environmental
Protection Agency

Category

Nature

Space of
assessment

Time

Index

Guidelines Immission Free field

Dayeveningnight

Lden
LAFmax

Guidelines Immission Free field

Day: 07-18 LAeq,T 1)
Evening:
LAFmax
18-22
Night: 2207

Switzerland Noise Abatement
Ordinance, issued
1986 (latest rev:
2006 Sep)

Road traffic

Regulation Immission Middle of open
window

Day: 06-22 LAeq,T 1)
Night: 2206

Switzerland Noise Abatement
Ordinance, issued
1986 (latest rev:
2006 September)

Railways

Regulation Immission Middle of open
window

Day: 06-22 LAeq,T 1)
Night: 2206

Switzerland Noise Abatement
Ordinance, issued
1986 (latest rev:
2006 September)

Civil aircraft

Regulation Immission Middle of open
window

Day: 06-22 LAeq,T 1)
Early night:
22-23; 2324 Night:
05-06

Noise level limits

Notes

55 dB outdoors 70 dB
outdoors

-No planning restrictions

60dB(D), 55dB(E),
50dB(N) 50dB(D),
45dB(E), 40dB(N)
40dB(D), 35dB(E),
35dB(N) 65dB(D),
60dB(E), 55dB(N)
55dB(D), 50dB(E),
45dB(N) 45dB(D),
40dB(E), 40dB(N) 55 dB
50 dB
D = day N = night 55 dB
(D), 45 dB (N) 60 dB (D),
50 dB (N) 65 dB (D), 55
dB (N) 70 dB (D), 60 dB
(N) 50 dB (D), 40 dB (N)
55 dB (D), 45 dB (N) 60
dB (D), 50 dB (N) 65 dB
(D), 55 dB (N)
same noise-level limits
as for road-traffic noise

New establishments: - Industrial - Residential, hospitals,
schools - Outdoor Recreational areas Existing
establishments: - Industrial - Residential, hospitals, schools
- Outdoor recreational areas 1) LAeq,T with a 5 dB
adjustment for the presence of tonal components Nighttime
limits outdoors - Near dwellings - In recreational areas

1) Rating level Lr = LAeq,T + K1, where adjustment K1:
K1= 0 dB for N > 100 K1= 10•lg(N/100) dB for 31.6 < N <
100 K1= -5 dB for N < 31.6 (N = vehicle/hour) For existing
noise sources and existing zones: - recreation zones residential zones -mixed zones - industrial zones For new
noise sources and new zones: - recreation zones residential zones -mixed zones - industrial zones

1) Rating level Lr = 10 lg (10 0.1 • L r1 + 10 0.1 • L r2) with
Lr1 = LAeq,T + K1 for regular train traffic Lr2= LAeq,T + K2
for train-shunting noise Adjustment K1 for regular train
traffic: K1= -5 dB for N > 79 K1= 10 lg(N/250) dB for 7.9 <
N < 79 K1= -15 dB for N < 7.9 (N = trains/day or night)
Adjustment K2 for shunting noise: 0 to +8 dB
55 dB (D) 60 dB (D) 65 1) Rating level Lr defined for small aircraft and for all
dB (D) 70 dB (D) 50 dB aircraft (see below) for small aircraft (takeoff mass < 8618
(D) 55 dB (D) 60 dB (D) kg) Lrk = LAeq,T + K Adjustment K for annual number of
65 dB (D) 55 dB(06-22); takeoffs and landings N: K=0 dB for N < 15 000 K=10
45 dB(22-24,0506) 60
lg(N/15 000) dB for N> 15 000 For small aircraft (takeoff
dB(06-22); 55dB(22-23) mass < 8618 kg) For existing noise sources and existing
50 dB(23-24,05-06) 65
zones: - recreation zones - residential zones -mixed zones
dB(06-22); 55 dB(22- industrial zones For new noise sources and new zones: 24,0506) 70 dB(06-22); recreation zones - residential zones -mixed zones 60 dB(22-24,0506) same industrial zones Additional noise-level limits for all aircraft
limits, but 2 dB to 5 dB
Lr = 10 lg (10 0.1 L rk + 10 0.1 L rg) with Lrg = LAeq,T Lrk
lower
see above for small aircraft For existing noise sources and
existing zones: - recreation zones - residential zones mixed zones - industrial zones For new noise sources and
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Country

Title

Noise type

Category

Nature

Space of
assessment

Time

Index

Noise level limits

Notes

new zones: No takeoffs/landings permitted from 24h to 05h
Additional noise-level limits for helicopters based on
LAmax Different values and adjustments for military
aviation
Switzerland Noise Abatement
Industry
Regulation Immission Middle of open Day: 07-19 LAeq,T 1)
Same noise-level limits 1) Rating level Lr = LAeq,T + K1 + K2 + K3 Adjustment K1
Ordinance, issued
window
Night: 19as for road-traffic noise for type of noise source: 0 to +10 dB Adjustment K2 for
1986 (latest rev:
07
tonal component: 0 to +6 dB Adjustment K3 for impulsive
2006 September
component: 0 to + 6 dB
Turkey
In Turkey, the State Planning Organization prepares Development Plans based on Environmental Policies and Strategies. Other governmental authorities make legal arrangements
according to the Plan approved by the Turkish Parliament. In general, laws, by-laws (ordinances), and other regulations are enacted by the National Government. Local authorities are
responsible for implementing the regulations by issuing additional by-laws, circulars, and notifications regarding noise issues. Emission of sound produced by various equipment and
machinery is regulated in compliance with EU Directives.
Turkey
Evaluation and
Road traffic Regulation Immission Outdoors
Day: 07-19 LAeq,T
A B 55 dB(Day) 60
1) Rural areas 2) Noise-sensitive areas such as schools,
Management of
Evening:
dB(Day) 1) 60 dB(Day)
cultural and health centers, summer houses, and camps 3)
Environmental
19-23
65 dB(Day) 2) 63
Residential 4) Commercial and residential 5) Industrial A:
Noise, 01 July 2005
Night: 23dB(Day) 68 dB(Day) 3)
Traffic on new and upgraded roads B: Traffic on existing
No. : 25862
07
65 dB(Day) 70 dB(Day) roads Limits on average sound levels in evening and
4) 67 dB(Day) 72
nighttime hours are 5 dB and 10 dB less than the specified
dB(Day) 5)
limits on average sound levels in daytime hours,
respectively.
Turkey
Evaluation and
Railways
Regulation Immission Outdoors
Day: 07-19 LAeq,T
65 dB(Day) 55 dB(Night) 1) Residential areas and the natural environment
Management of
Evening:
1)
Environmental
19-23
Noise, 01 July 2005
Night: 23No. : 25862
07
Turkey
Evaluation and
Civil aircraft Regulation Immission Outdoors
Day: 07-19 LAeq,T
Q < 50,000 Q > 50,000 Q = Number of takeoffs and landings per year 1) Noise
Management of
Evening:
55 dB(Day) 60 dB(Day) sensitive areas such as schools, cultural and health
Environmental
19-23
1) 65 dB(Day) 70 dB(Day centers, summer homes, and camps 2) Residential areas
Noise, 01 July 2005
Night: 232) 67 dB(Day) 72
3) Mixed areas (commercial and residential) 4) Industrial
No. : 25862
07
dB(Day) 3) 70 dB(Day)
areas For Q > 50,000, continuous sound-level monitoring is
75 dB(Day) 4)
obligatory. For Q > 50,000, insulation and acoustical tests
are compulsory for houses in the vicinity of an airport.
Limits on average sound levels in evening and nighttime
hours are 5 dB and 10 dB less than the specified limits on
average sound levels in daytime hours, respectively.
Turkey
Evaluation and
Helicopter
Regulation Immission Helipads
Day: 07-19 LAeq,T
65 dB(Day) 60
Management of
Evening:
dB(Evening) 55
Environmental
19-23
dB(Night)
Noise, 01 July 2005
Night: 23No. : 25862
07
Turkey
Evaluation and
Seaway
Regulation Immission Outdoors at
Day: 07-19 LAeq,T
65 dB(Day) 60
Management of
traffic
nearest shore
Evening:
dB(Evening) 55
Environmental
19-23
dB(Night)
Noise, 01 July 2005
Night: 23No. : 25862
07
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Country
Turkey

Turkey

Turkey

United
Kingdom

United
Kingdom

Title
Evaluation and
Management of
Environmental
Noise, Date: 01
July /2005 No.:
25862

Noise type
Industry

Category

Nature

Space of
assessment
Regulation Immission Outdoors

Time

Index

Day: 07-19 LAeq,T
Evening:
19-23
Night: 2307

Noise level limits

Notes

70 dB(Day) 1) 68
1) Industrial areas 2) Mixed areas (heavily industrial) 3)
dB(Day) 2) 65 dB(Day) 3) Mixed areas (heavily residential) 4) Noise sensitive areas
60 dB(Day) 4)
(schools, cultural and health centers, summer houses,
camps, etc.) The regulation lists the types of industrial
facilities that are obliged to demonstrate compliance with
the applicable noise-level limits. A Certificate of
Compliance is issued when the sound from an affected
facility has been demonstrated to comply with the
requirements. Compliance must be demonstrated by 01
July 2008. Limits on average sound levels in evening and
nighttime hours are 5 dB and 10 dB less than the specified
limits on average sound levels in daytime hours,
respectively.
Evaluation and
Construction Regulation Immission Outdoors at
Day: 07-19 LAeq,T
60 dB(Day) 1) 65
Construction activities are prohibited during evening and
Management of
construction site
dB(Day) 2) 67 dB(Day) 3) nighttime hours.1) Building construction 2) Road
Environmental
construction 3) Other sound sources Municipal authorities
Noise, Date: 01
may prohibit construction activities for longer periods of a
July 2005 No :
day in tourist areas, summer residential areas, and similar
25862
areas, and during weekends.
Evaluation and
Recreational Regulation Immission Near
LAeq,T
LAeq,T (background) + 1) Discos, bars, amusement parks, clubs, restaurants, and
Management of
and
entertainment
5 dB LAeq,T
similar establishments. If these places are next to a noiseEnvironmental
entertainplaces 1) At
(background) + 10 dB
sensitive building or land-use, the specified indoor noiseNoise, Date: 01
ment sound
distant locations
level limits given in the regulation also apply.2) The
July 2005 No :
sources
2)
distance to a receiver from one of the covered
25862
(Amplified
establishments is determined by municipal authorities. If
music)
the noise-level limits are exceeded, specific measures to
be taken are described in the regulation.
The legislative and administrative control of noise in the UK is based on a variety of Acts of Parliament, regulations, standards, and codes of practice. Some aspects of these provisions,
such as the control of nuisance, date from the early 20th century, or even earlier. Other measures originated in the 1960s and 1970s, and have subsequently been revised. The laws on
noise nuisance do not apply to Statutory Undertakings, for example, roads or railways. These types of sources are mainly dealt with via Regulations on noise emissions and by land-use
planning legislation. In addition to the framework of Statute Law, it is also possible for people to take action against the perpetrator(s) of a noise nuisance via the provisions of Common
Law, through the civil courts. The Local Government Act of 1972 gives local authorities the powers to create by-laws to cover sources such as model aircraft, water skiing, ice cream van
chimes, dogs, bird scaring devices, and clay pigeon shooting. Some British Standards define acceptable levels of noise and are widely applied. Noise within dwellings and schools is
further controlled by the Building Regulations which specify standards for noise levels (in the case of schools) and sound insulation. The Environmental Noise (England) Regulations 2006
implement the requirements of the European Noise Directive relating to noise indicators, noise maps, and action plans.
Land
New road
Regulation Immission 1 m from the
18 hours
LA10,18h
68 dB (06-24) 68 dB (06- Grants given for sound insulation to dwellings affected by
Compensation Act New railway
façade of eligible Day/night
LAeq,T
24) 63 dB (00-06)
newly upgraded roads where limits are exceeded. Similar
(1973): a) Noise
premises
scheme for railways.
Insulation
Regulations 1975
as amended – new
roads b) Noise
Insulation (Railways
and other Guided
transport systems)
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Country

United
Kingdom

Title
1996, 1998 - new
railways
Town and Country
Planning Acts,
(1990): a) Planning
Policy Guidance
Note 24 (PPG24)
(PAN 56, Scotland)
b) Planning
Directive 85/337
(Environmental
Impact
assessments)

Noise type

Category

Nature

Road traffic, Guidelines Immission Free Field
railways, civil Regulation
aircraft, and
mixed
sources

Regulation Эмиссия Free Field
(monitoring
position)
Regulation Immission Indoor

United
Kingdom

Civil Aviation Act
1982

Civil aircraft

United
Kingdom

Noise Act 1996

Amplified
music

United
Kingdom

United
Kingdom

Road Traffic Act
Vehicle
Regulation Эмиссия
1972 a) Road
Vehicles (Type
Approval)
Regulations b)
Road Vehicle
Construction and
Use Regulations
1986 *
Environmental
Entertain
Regulation Immission
Protection Act 1990 ment,
industry,
neighborhood,
intruder
alarms, pets
Noise and Statutory Sounds in a Regulation Immission
Nuisance Act 1993 street

United
Kingdom

Control of Pollution Construction Regulation Immission
Act 1974

United
Kingdom

Space of
assessment

Free Field
Monitoring
position 7.5 m
from vehicle

Time

Index

Day: 06-24 LAeq,T
Night: 0006

Day-night

LAmax

LAeq,15min

LAFmax
during
drive by

LAeq,T
LAFmax

Noise level limits

Notes

A B C D 1) For road
traffic: D: <55 55-63 6372 >72 N: <45 45-57 5766 >66 For railways: D:
<55 55-66 66-74 >74 N:
<45 45-59 59-66 >66 For
aircraft: D: <57 57-66 6672 >72 N: <48 48-57 5766 >66 For mixed
sources: D: <55 55-63
63-72 >72 N: <45 45-57
57-66 >66
94 dB (0700-2300) 89 dB
(2300-2330 & 06000700) 87 dB (2330-0600)
< 35 dB, or < LA'+10 dB
2)

1) A: Noise not a factor B and C: Noise mitigation
measures need to be included in the planning proposal
before permission to build is granted. D: Planning
permission should normally be refused, because of noise.
PPG24 applies to situations where residential development
is planned close to an existing noise source. D = daytime N
= nighttime Where a new noise source is planned close to
existing residential development a noise impact
assessment is required.

Maximum levels
according to 'class' of
vehicle, for specified
drive-by conditions 3

No fixed limits, but limits
may be set depending
upon local
circumstances, or
comparison with
background noise may
be used.
No fixed noise-level
limits, but limits relating
to times of use (for
example, not during
nighttime hours)
Depending upon local
circumstances, noise
level limits are usually set
in terms of LAeq,T and

ICAO standards also implemented in The Aerodromes
(Noise Restrictions) (Rules and Procedures) Regulations
2003, in accordance with EU Directive 2002/30/EC.
2) LA': underlying level of ambient sounds (that is, sound
level not exceeded more than 0.6 s in a 1 to 5 minute
period).
* In compliance with EC Directive 1992/97/EC 3
Measurement in accordance with ISO 362

This Act contains all the provision for dealing with Statutory
Noise Nuisance from sound sources on fixed premises
(see also Noise and Statutory Nuisance Act).

This Act supplements and extends the powers under the
UK Environmental Protection Act to deal with sources of
noise in a street (loudspeakers, audible intruder alarms,
vehicles, machinery, and equipment).
The Control of Pollution Act 1974 gives Local Authorities
the power to control noise from construction and open
sites. Limits may be set at the boundaries of construction
sites or of designated Noise Abatement Zones.
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Country

Title

Noise type

Category

Nature

Space of
assessment

Time

LAFmax as well as
restrictions on type of
equipment to be used
and hours of use
Site and plant-specific
emission or immission
limits

Notes

Pollution Prevention Industry 4)
and Control Act
1999 *

United
Kingdom

BS4142: 1997
Industrial
Based
Rating level (LAeq,T* Widely used for planning and noise nuisance situations
Method of rating
and
upon
LA90,T) : > +10 dB
6) T = 1 hour daytime; T = 5 minutes nighttime Corrections
industrial noise
commerci al
LAeq,T 6)
complaints likely +5 dB
may be made to LAeq,T for character of the sound
affecting mixed
premises
marginal significance < residential and
10 dB complaints unlikely
industrial areas *
BS8233: 1999
All sources Standard / Immission Indoors and
Day or night LAeq,T
Living rooms: LAeq,T 30 * Widely used for planning situations (Noise impact
Code of Practice for affecting
Code of
outdoors
LAFmax (at dB to 40 dB Bedrooms: assessments) Also gives guidance on reverberation times
Sound Insulation
building
Practice
(amenity areas)
night)
LAeq,T 30 dB to 35 dB
and sound insulation
and Noise
Bedrooms: LAFmax 45
Reduction for
dB indoors Bedrooms:
Buildings *)
LAFmax 60 dB outdoors
BS5228: 1997
Construction Standard / Immission Outdoors at site Day time
LAeq,T and Variable, depending
* Widely used for planning and noise nuisance situations
Parts 1, 2, 3 and 5 demolitio n
Code of
boundary
(07001900), LAFmax
upon situation, no limits
Noise and Vibration and mineral Practice
evening
specified and emphasis
control on
extraction
adopted as
(1900 –
on best practical means
construction and
a
2300) and
to minimize noise
open sites * also
Regulation
night (2300
Part 4, 1992
– 0700)
In the USA, national policies and regulations are enacted and enforced by the federal government through the Congress and the Executive Branch. State governments may issue policies
that comply with federal requirements unless exempted by the judicial process. Local governments may enact ordinances to control community noise so long as they do not conflict with
federal and state requirements.
Information on
General
Guidelines Immission Outdoor, free
Day-night
Ldn
<65 dB 1) <55 dB 2)
1) Maximum long-term average sound level that should be
Levels of
field
LAeq,24h
allowed in communities 2) Goal for protection of the public
Environmental
with an adequate margin of safety
Noise Requisite to
Protect Public
Health and Welfare
with an Adequate
Margin of Safety
(The EPA “Levels”
Document) [U.S.
Environmental

United
Kingdom

USA

USA

LA, and
others

Noise level limits

United
Kingdom

United
Kingdom

Regulation Emission Outdoors at
and
specified
immission distance from
item of plant, or
at site boundary
or nearest noisesensitive
property
Standard Immission Free Field,
Day or night
Outdoors

Index

* In compliance with EC Directive 96/61 IPPC
4) For large industrial items of plant (Part A1 installations)
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Country

USA

USA

USA

USA

USA

USA

USA

Title

Noise type

Protection Agency
(EPA), 1974]
“The Noise
General
Guidebook” from
the U.S.
Department of
Housing and Urban
Development
(HUD)

Highway Traffic
Noise Analysis and
Abatement Policy
and Guidance
[Federal Highway
Administration
(FHWA), 1995]
Federal Transit
Administration
(FTA) Transit Noise
and Vibration
Impact
Assessment, 2006
High-Speed Ground
Transportation
Noise and Vibration
Impact Assessment
[Federal Railway
Administration
(FRA), 1998]
Surface
Transportation
Board (STB, 1998)

Category

Nature

Space of
assessment

Time

Index

Noise level limits

Notes

Regulation Immission Outdoor, free
field

Day-night

Ldn

65 dB to 75 dB 60 dB to
65 dB < 60 dB

Road traffic

Regulation Immission Outdoor, free
field

Hourly

LA10
LAeq,1h

70 dB 67 dB

All types of
rail-borne
transit,
buses, and
subways

Guidelines Immission Outdoor, free
field

Day-night

Ldn
LAE

See document in the
Notes

More information about the requirements is available from
the Internet website for the FTA at:
www.fta.dot.gov/documents/FTA_Noise_and_Vibrati
on_Manual.pdf

New highRegulation Immission Outdoor, free
speed trains
field

Day-night

Ldn

65 dB 50 dB to 55 dB.

A day-night averaged sound level of 65 dB is considered
“severe impact”. A day-night averaged sound level
between 50 dB and 55 dB is considered to be an “impact”.
The “impact” boundary varies with the type of the land use
and with the existing level of ambient sound.

Railways

Day-night

Ldn

65 dB 50 dB to 55 dB.

Noise Standards:
Civil aircraft
Aircraft Type and
Airworthiness
Certification (14
CFR Part 36, as
amended)
Federal Agency
Civil aircraft
Review of Selected

Regulation Immission Outdoor, free
field

Regulation Эмиссия

Guidelines Immission Outdoor, free
field

Lepn

Day-night

Ldn
LAE 3)

- normally unacceptable - normally acceptable -acceptable
The HUD Noise Guidebook is available over the Internet.
To view the Guidebook, hold down the control (Ctrl) key
and click the left mouse button with the pointer anywhere in
the following hyperlink.
www.hud.gov/offices/cpd/energyenviron/environment
/resources/guidebooks/noise For additional information see
Title 24 of the U.S. Code of Federal Regulations, Subtitle
A, Part 51: “Environmental Criteria and Standards.”
Available over the Internet at http://www.ecfr.goaccess.gov.
Noise-level limits apply for the busiest hour of the day.
More information is available from the Internet website for
the FHWA at: www.fhwa.dot.gov/environment/noise

A day-night averaged sound level of 65 dB is considered
“severe impact”. A day-night averaged sound level
between 50 dB and 55 dB is considered to be an “impact”.
The “impact” boundary varies with the type of the land use
and with the existing level of ambient sound.
Limits on effective
Applicability of the requirements for noise certification
perceived noise level
along with the test and analysis procedures are specified in
(EPNL) apply for various the regulation
aircraft types according
to maximum takeoff
gross mass
<65 dB for Ldn
Used only for evaluating sleep disturbance. A predicted 3
dB change at a day-night averaged sound level of 60 dB or
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Country

USA

USA

USA

USA

USA





Title
Airport Noise
Analysis Issues
(FICON, 1992)
Air Installations
Compatible Use
Zones [Department
of Defense (DoD),
1977]
Federal Energy
Regulatory
Commission
(FERC)
National Park
Service (NPS)
Grand Canyon
National Park
Enlargement Act,
1975
National Park
Service (NPS)
National Parks
Overflight Act, 1987
National Park
Service (NPS) Title
36 of the Code of
Federal
Regulations

Noise type

Category

Nature

Space of
assessment

Time

Index

Noise level limits

Notes
1.5 dB change at 65 dB are used as criteria for requiring
further analysis

Military
aircraft

Regulation Immission Outdoor, free
field

Day-night

Ldn

65 dB

Locations inside a calculated contour of day-night
averaged sound level of 65 dB may qualify for Federal
funding of noise- mitigation projects inside the contour

See the
Notes

Regulation Immission Outdoor, free
field

Day-night

Ldn

55 dB

The noise-level limit applies to the sound from
compressors or other pipeline facilities as predicted or
measured for nearby noise-sensitive areas

Activities in
National
Parks

Objective

Immission

The act recognizes “natural quiet” as a resource

Activities in
National
Parks

Reporting

Immission

Report on noise impact Requires restoration of “natural
quiet” in Grand Canyon National Park

Activities in
national
parks

Regulation Эмиссия At 15 m At 15 m Not
SAE J1970 SAE specified
J2005

LAFmax

NOTES:
1) END = European Noise Directive 2002/49/EC, see Appendix C.
2) EU legislation on noise is enacted in EU Member States, see Appendixes B and C.

60 dB 78 dB (For
snowmobiles
manufactured after 1975
July 01) 75 dB (for
vessels underway) 88 dB
(for stationary vessels)

Audio disturbances: see 2.12(a)(1) of 36 CFR Part 2,
Resource Protection, Public Use, and Recreation
Snowmobiles; see 2.18(d)(1) of 36 CFR Part 2, Resource
Protection, Public Use, and Recreation Boating and wateruse activities; see 3.15 of 36 CFR Part 3, Boating and
Water Use Activities
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Appendix 2. Some well-known studies of the
effect of sound impact on humans, including
period of the Tu-144 and Concorde
It should be noted that the sound intensity, sound pressure level is an objective physical phenomenon
that can be accurately determined and measured. Loudness of the sound determines the effect that the
sound produces on listener, and is subjective concept, since it depends on the state of the human ear.
Reaction of a person to the sound of certain volume and certain type is even more subjective and
depends on many factors, including indirect (not directly related to noise). This makes the problem of
noise rationing extremely complex and ambiguous. Research in the perceived volume of the sound and
its annoying effects are still ongoing, clarifying existing standards, methods for assessing noise and its
negative impact.
Even more complex and less studied problem is the annoying and other negative effects on a person of
high-energy pulsed sound, typical sources of which are explosions and sonic bangs arising during the
supersonic flight of an airplane. Despite abundance studies in this area their results do not yet allow us
to formulate a unified approach to the assessment and regulation of high-energy pulsed noise due to
the substantial scatter of data and the variety of conditions affecting the final results.
In connection with the implementation of programs of supersonic Tu-144 and Concorde airplanes in the
USSR and abroad, in the 60s of the last century, studies were initiated to study the parameters of the
shock wave, excited by aircrafts of various types as well as clarifying the possible consequences of
exposure to sonic booms. During the operation of supersonic airplanes of the first generation, a
scientific and technical information reserve was formed regarding the effect of supersonic boom on the
human body based on laboratory and field tests that were performed in the 1960s and 1970s.
So, tables P.2.1, P.2.2 present results of a questionnaire survey performed in the USSR in area of the Tu144 supersonic flights, and results of laboratory studies of that time on the effect of supersonic pulses
that mimic a sound strike on the human body. From the obtained results, it follows that a sound strike
with intensity of up to 49 Pa irritates more than half of the respondents to varying degrees, interfering
with work and rest, respectively, 10% and 16% of respondents. The level of sonic boom at 78-93 Pa
causes severe and moderate irritation in 70% (generally annoying 80%), usually causes shaking of
buildings, there are cases of damage to property.
In some cases sound impact intensity of 68-73 Pa led to a short-term (within 1.0-1.5 minutes) changes in
the physiological functions of the body (increased heart rate, alpha rhythm desynchronization, an
increase in blood sugar) and impaired mental performance (reduced speed and quality of the arithmetic
count) even in healthy people (Table. P 2.2). With multiple repeated impacts of the sonic boom of 68-73
Pa, some addiction was observed to the effects of the sonic boom — the body's reaction somewhat
decreased, but did not completely disappear. A sound strike of such intensity is perceived as a loud
sound, like a thunder strike at an average distance. Sound impact with intensity of about 50 Pa caused
fright in the absence of a physiological reaction of the organism in a healthy person.
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Table P.2.1.
Characteristic reactions of the population to the sound impact
Characteristic reactions of the
population
Number of respondents, people
Irritates ,%
Including:
Strongly, %
Moderately, %
Low, %
Irritates strongly-moderately, %
Hinders to work,%
Hinders to rest, %
Trembling of buildings
Property damage

Intensity of the sound impact, Pa
up to 49
49-73
78.5-93
98-107.9
540
898
1023
1056
56.8
67.4
79.7
90.4
9.2
22.6
25
31.8
9.6
16.3
Not
Not

22.4
27
18
49.4
28
32.3
Not
Not

47.3
23
9.4
70.3
32.3
40
Usually
Minor
cases

67.8
17.2
5.4
85
43.7
45.3
Always
Usually

Table P.2.2.
Effect of sound pulses of varying intensity on the human body
Pulse intensity,
Pa
49-54

Objective data (physiological response of a healthy
person)
Absent

68-73.5

For some people, for some time (up to 60 seconds),
alpha-rhythm desynchronization, change in heart rate,
a decrease in the speed and quality of arithmetic
counting. Habituation to repetition of the irritant
Approximate reaction of the majority is wince, diversion
of the mind. Absence of habituation to repetition of the
irritant

88-93

Subjective data
Negligeable sound
(perceived as a distant
thunderbolt), causing
slight fright
Loud sound (perceived
like thunder at a
moderate distance)
Very loud sound

Abroad, study of the sound impact in natural conditions was carried out mainly in the United States,
France, and England. For example, in England, about 50 test flights of Concorde aircraft were conducted
in area of about 1.5 million inhabitants. Most complaints came from a band about 30 km wide, although
the total sound impact bandwidth was 80 km. Most of the claims related to minor damage of buildings.
Trembling of building and fear were the most frequently cited as a reaction to a impact. In the United
States, several series of test flights of military aircraft were performed, including over the cities. About
3,000 flights were performed, mainly in Oklahoma. Seriousness of a problem was not immediately
recognized. In the USA (1959), as a result of the passage of supersonic aircraft at a height of 12-14
meters, group of test peoples died. As a result of the flight of the F-104 aircraft at height of 150 m, the
building of Ottawa Airport (Canada) suffered significant damage. Penetration of shock waves through
windows and doors can be accompanied by a significant increase in pressure caused by resonance in a
closed volume of space.
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Table P.2.3 presents a qualitative comparison of the results of Russian and foreign studies of the period
from 1961 to 1978. Studies were performed in two directions: psychophysiological reaction to shock and
assessment of the subjective perception of the population. Some of the results obtained today seem
overly optimistic, although over time, the results of evaluating the response of people to a sound strike
gradually became more critical. In some studies it is noted that people accustomed to sound shocks.

Table P.2.3.
Results of foreign and Russian studies of the impact of sound impact of the 1960-1970s
Source*

Evaluation of psychophysiological effects
Low
Moderate
Strong
0-20
20-40 40-60
60-80
80-100
100-120 120-140 140-160
Pa
Pa
Pa
Pa
Pa
Pa
Pa
Pa
FAA, 1961
Reaction of the
Reaction of
Significant
Widespread reaction
[23]
population is absent
the
population
of the population
population
response
is possible
GosNII GA, Does not
Easy
Causes unpleasant feeling
Sore
1962 [1]
cause
endured
feeling
unpleasant
sensations
GosNII GA,
Harmless to humans
There is a fright
1965 [2]
GosNII GA,
Harmless to humans
1965 [3]
FAA, 1965
Irritating to 37% of
Irritating to Irritating to 56% of
[4]
respondents
44% of
respondents
respondents
Nixon,
Harmless to humans
Easy
Causes
Significant
Pain
Ph.D., 1965
endured unpleasant feeling population response sensations
[8]
GosNII GA,
Irritating to 31.8% of
Irritating to Irritating to 70.3% Irritating to
1966 [19]
respondents
49.4% of
of respondents
85% of
respondents
respondents
National
Hearing damage is not observed, only fright
Academy of
Sciences,
1968 [6]
Galloway J.,
Irritating to Irritating to 51% of Irritating to
Panel
33% of
respondents
64% of
Chairman,
respondents
respondents
1969 [10]
GosNII GA, Harmless
Moderate
Moderate and short-term
1970 [7]
to humans and short- disturbances of nervous activity
term
disturbances
of nervous
activity
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Source*

GosNII GA,
1970 [11]

GosNII GA,
1975 [14]

Evaluation of psychophysiological effects
Low
Moderate
Strong
0-20
20-40 40-60
60-80
80-100
100-120 120-140 140-160
Pa
Pa
Pa
Pa
Pa
Pa
Pa
Pa
Does not cause a sharply negative Short-time and mi- Reaction of
reaction
nor deviances
the
population
is close to
discontent
Easy endured
Negative
subjective
reactions
Irritating to 40% Irritating to 70% of
Irritating to 90% of respondents
of respondents
respondents

General
Applied
Science
Liboratories,
1975 [16]
TSAGI,
Harmless to humans
There is a fright
1976 [17]
GosNII GA, Minor psycho-physiological changes Short-time psycho1978 [19]
physiological
changes

According to the results of most studies of the 60-70s of the last century, the harmless limit of shockwave pressure was up to 50 Pa. At the same time, there is a significant variation in the estimates. For
example, intensity of the sound strike, at which it became unacceptable for more than 50% of the
population, was in the range of about 55-100 Pa. Some researchers have concluded that sound impact is
easily tolerated up to 75 Pa, a number of researchers concluded that the overwhelming majority of the
population was not irritated in a day by the sound impact with a pressure of 36 Pa, and for more than 8
flights a day, the permissible limit was 12.5 Pa.
Most studies of those times characterized the sound impact only by the level of peak pressure, although
the reaction of the population, as is known today, depends on many factors (for example, on the buildup time of the pressure ). Therefore, the research results are difficult to compare. In the future, the list
of sound impact metrics has significantly expanded, but so far none of them have been recognized as
the only correct one, since all of them provide an insufficiently high level of correlation with the degree
of irritation of sound impact in a wide range of conditions. Suffice it to say that, during the cycle of
CAEP/10 ICAO experts considered 13 alternative sound strike metrics as possible for use within the
future sound impact standard.
Below are some published results of studies of the effect of sound impact on the population.
1. On the noise of supersonic passenger aircraft (Study summary), B.N. Melnikov, G.I. Gubkina, GosNII
GA, 1962

149

Table P.2.4
The relationship between the intensity of the sound impact and the perception of people

∆P
kg/m2

Р,
up to

P h ys i o l o g i c a l
response

Perception and result
of the impact

0.5-1.5

108-118

Does not cause
unpleasant sensations

Remote explosion

1.5-5

118-128

Easy endured

Explosion or thunder

5-15

128—138

Causes unpleasant
feeling

Near and strong thunder,
some window glass is
d e s t r o ye d .

15-50

138-148

Sore feeling

Large glass frames f l y out

50-150)

148-158

Organs of hearing
damage is possible

Light buildings are
d e s t r o ye d .

2. Report on the participation of A.G. Munina, M.G. Fomina and V.E. Kvitka in the work of the V-th
International Acoustic Congress, GosNII GA, 1965
The report notes that British scientists imitated a sound impact in special acoustic chambers in the
presence of a person. As a result of testing more people, the researchers concluded that a sound
pressure of 5 kg/m2 is harmless to humans, and a maximum permissible level is 10 kg/m2. It was also
found that the main reaction of the population is fear because of surprise.
3. The article “The Impact of sound Impacts and Its Impact on Decisions Made”, GosNII GA, 1965
Abstract of studies conducted in the USA and England from 1959 to 1965 on the basis of which it is
concluded that the intensity of the sound impact of 3.7-4.9 kg/m2 can be ignored, and there is no direct
damage in humans.
4. Aerospace Medicine, №5, «Human Responses to Sonic Boom» by Charley W. Nixon, Ph.D, 1965.
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Table P.2.5.
Intermediate prediction of ground pressure

5. Canadian aeronautics and space journal, №9, «The Supersonic Transport» by G.M. Bain, FAA, 1968.
In one of the sections of the article, author analyzes the research in the city of Oklahoma, which took
place in 1964 for 4 months. During this time, the aircrafts F-101, F-106 and B-58 produced 1253 acoustic
shocks with an intensity from 1 to 2 psf (1 psf = 48 Pa). Throughout the study, 3135 people were
surveyed at regular intervals. After the first 11 weeks, when the average level of acoustic shocks was
1.13 psf, only 37% of those surveyed told serious irritation, at 1.23 psf, 44% of those surveyed
experienced severe irritation, and at 1.60 psf, already 56%. In the same study, respondents were asked
if people could endure 8 beats per day normally. In the first 11 weeks, 90% of people responded
positively to the question posed, over the next 8 weeks, this value fell to 81%, and after another 8 weeks
- to 73%.
6. Report on Human Response to the Sonic Boom by National Research Council, National Academy of
Sciences, 1968.
According to the Subcommittee on Human Response members, even at 100 psf, there is no hearing
damage or other physiological abnormalities. However, there may be indirect physiological reactions
when frightened, but they are difficult to predict due to differences in perceptions of each person
individually.
7. Sonic Booms from Supersonic Transport by Karl D. Kryter, Science, 1969.
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Table P.2.6.
Supersonic flights over residential buildings in France and the USA

8. Opening Remarks by William J. Galloway, Bolt Beranek and Newman Inc, 1969.
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Table P.2.7.
Percentage of the population who rated sound shock noise as unacceptable

9. Rationing sound impact

G.P. Karaushev, B.N. Melnilov, GosNII GA, 1970

On basis of “objective medical studies of the impact of sound impact on a person”, key values of the
pressure drop are determined from the point of view of people's perception:

– with a single exposure of 20-24 N/m2, no changes in nervous activity are observed;
– with a single exposure 49-54 N/m2 there are moderate and short-term violations;
– with a single exposure 69-74 N/m2 there is moderate transient mental impairment.
Repeated exposures did not affect on perception rates. However, repeated acoustic impacts with
intensity of 88-93 N/m2 caused adverse psychoacoustic reactions.
During later experiments, sound shocks up to 74 N/m2 did not cause deviances, and at 83 N/m2 there
were minor deviances. In most studies, scientists have noted the adaptability of man to sound impacts.
10. Scientific and Techno-Economic Information No. 3, “The flight of a supersonic aircraft over the city.
Sonic impact", Yu.N. Kulagin, V.L. Lebedev, 1970.
Large number of flights of supersonic airplanes of various types over the city were performed to
determine the characteristics of effect of sound impact and for clarify its characteristics during 1968-69.
The flights were performed under various conditions and with different frequency during the day (6-8
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flights per day) at an intensity of 6-8 kg/m2, the duration of the pressure pulse was 100-150 ms.
Obtained data show that at an intensity of 6–8 kg/m2, sound beats do not cause a sharply negative
reaction, and the number of complaints is insignificant. Intensity up to 7.5 kg/m2 does not cause
noticeable changes in the human physiological functions, and the pressure drop value of 8.5 kg/m2
causes short-term and minor shifts in some physiological functions. Reaction of the population to sound
beats of 8-9.5 kg/m2 is characterized as close to discontent.
11. Industry of Armenia, N. Milyukov, 1972
Referring to third-party studies, the author argues that with a sound strike intensity of 7.5 kg/m2, the
human physiological functions are unchanged, and at 8.5 kg/m2 causes some changes, but after the
expiration of time the physiological functions are restored. Sound shocks at 8-9.5 kg/m2 among
respondents cause discomfort.
12. Information On Levels Of Environmental Noise Requisite To Protect Public Health And Welfare With
An Adequate Margin Of Safety, U.S. Environmental Protection Agency, 1974.
In one of the sections, the analysis of the Oklahoma City study is carried out.
In 1964, over the course of 6 months in Oklahoma, flying planes made 8 sound impacts per day, the
mean value of the overpressure was 57.46 Pa. After a survey of the population, it turned out that such a
number of impacts with such parameters are not acceptable. The acceptable pressure level at 8 impacts
is 23.94 Pa. However, even this level annoys 20% of respondents. From the analysis of all the data, it
was concluded that during the day a sound impact with an overpressure of 35.91 Pa does not harm the
health and does not irritate the overwhelming majority of the population. And when making several
acoustic shock per day, their intensity should be no more than 35.91/N^(0.5), where N is the number of
acoustic shock per day (for 8 acoustic shock per day - 12.45 Pa).
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Figure P.2.1. Percentage of respondents who speak negatively to the phenomenon of a
acoustic shock

13. Proceedings of the State Research Institute of Civil Aviation №117, “The State of the Problem and
the Approach to the Regulation of the Sound Impact”, Yu.N. Kulagin, A. I. Burmenko, 1075.
Flights were carried out at various atmospheric parameters, intensity of the sonic impact was 6-8
kgf/m2. Surveys of the population have shown that it is relatively easy to carry a sound impact to 7.5
kgf/m2. Sound impact with an intensity of 9-9.5 kgf/m2 causes negative subjective reactions in some
people. Studies have shown that the population easily adapts to sound impacts of a certain intensity and
sharply reacts to their amplification.
14. Psychophysical tests of potential design/certification criteria for advanced supersonic aircraft by
Thomas H. Higgins, et al, General Applied Science Laboratories, 1975.
The study was performed in an acoustic chamber with an imitation of the interior decoration of the
room and patio. It was made 15 acoustic impacts with different pressure and attack time (from 60 70
107 PLdB). Two groups were tested, 220 persons (living in the vicinity of the test complex) and 40 (who
earlier took part in other acoustic impact tests) from 23 to 65 years old. All participants have passed
medical check, deviations by ear have not been detected. The following data have been obtained based
on questionnaire survey: 42.3% showed low sensitivity while 42.9% reacted adversely against acoustic
impact.
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Figure P.2.2. Acceptability of acoustic impact depending on its type.
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Table P.2.8.
Parameters of performed acoustic impacts

15. Work progress for creating of supersonic air liners of the second generation (Adapted from foreign
publications of 1968-1975), A. I. Starina, Z. S. Ogorodnikova, Central Institute of Aerohydrodynamics,
1976.
Human response depends on residing, type of work, sleep in the daytime or at night, age, etc. People
were frightened of impact, sometimes feared that their houses ruptured though that was absent.
Maximum level of wave pressure which can be neglected (quite acceptable) is 3.7-5 kg/m2. In case of
pressure drop within 10 kg/m2 the relatively low degree of acoustic startle response was observed.
16. Development of proposals on supersonic air liners, E. A. Ovrutsky, E. F. Tkachenko, A. V. Treivas,
GosNII GA, 1977.

Table P.2.9.
Characteristic reactions of the population to various intensity of sound impact
Characteristic reactions of the
population
Quantity of respondents
Irritates ,%
Including:
Strongly, %

Intensity of the sound impact, Pa
up to 49
49-73
78.5-93
98-107.9
540
898
1023
1056
56.8
67.4
79.7
90.4
9.2

22.4

47.3

67.8
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Characteristic reactions of the
population
Moderately, %
Low, %
Irritates strongly-moderately, %
Hinders to work,%
Hinders to rest, %
Trembling of buildings
Property damage

Intensity of the sound impact, Pa
up to 49
49-73
78.5-93
98-107.9
22.6
27
23
17.2
25
18
9.4
5.4
31.8
49.4
70.3
85
9.6
28
32.3
43.7
16.3
32.3
40
45.3
Not
Not
Usually
Always
Not
Not
Minor
Usually
cases

Table P.2.10.
Effect of sound pulses of varying intensity on the human body
Pulse
intensity,
Pa
49-54

68-73.5

88-93

Objective data (physiological response of a healthy person)

Absent

For some people, for some time (up to 60 seconds), alpharhythm desynchronization, change in heart rate, a decrease
in the speed and quality of arithmetic counting. Habituation
to repetition of the irritant
Approximate reaction of the majority is wince, diversion of
the mind. Absence of habituation to repetition of the irritant

Subjective data

Negligeable sound
(perceived as a distant
thunderbolt), causing
slight fright
Loud sound (perceived
like thunder at a moderate
distance)
Very loud sound

17. Proceedings of the State Research Institute of Civil Aviation №162, “Research in the field of sound
impact” Kulagin, B.M. Mirzoev, 1978.
Tests were performed from 1966 to 1968. With repeated acoustic shocks (which were simulated in the
laboratory) with an intensity of 70–95 Pa (6–7 per day), no significant differences were found as
compared with single exposures; no signs of adaptation were identified. When exposed to single
acoustic impacts with an intensity of 25-75 Pa, slight changes in the pulse rate were observed, and the
EEG desynchronization, turning into a breath hold for no more than 10-15 seconds.
The next series, already field experiments, was conducted in 1968-1969. There were 4 flights a day with
a sound strike intensity of no more than 75 Pa, no physiological changes were observed. Pressure drops
up to 85 Pa cause minor shifts, but quickly return to the initial level. The sound impact with an intensity
of 90-95 Pa causes noticeable shifts in health, however, they quickly return to normal.
In addition, tests were conducted on a densely populated city. A large number of flights were made,
after which 4,000 respondents were polled. On the basis of these data, it was revealed that sound
impacts up to 75 Pa were easily transferred, and at an intensity of 90-95 Pa, the reaction was close to
discontent.
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Figure P.2.3. Changes in the general reaction of the population to acoustic shocks with
an increase in their intensity.

number of respondents,%

4,174 check lists
annoying
not annoying
interferes
with sleep

Pa

Figure P.2.4. Changes in the reaction of the population and elements of the structure with
increasing intensity of acoustic shocks.

number of respondents,%

4,174 check lists

flinch

vibration of building elements,
glass

interferes with work
interferes with rest

Pa
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18. Aviation noise effects, FAA, 1985.

Table P.2.11.
Intermediate prediction of ground pressure

19. Sonic Boom Loudness Study and Airplane Configuration Development, Jessica G. Brown, George T.
Haglund, NASA, 1988.

Table P.2.12.
Test results for the perception of sound impact
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A review of available research has shown that 72 dBA is acceptable for a limited corridor and 65 dBA
with no route restrictions.
20. Laboratory Study of Effects of Sonic Boom Shaping on Subjective Loudness and Acceptability, Jack D.
Leatherwood, NASA, 1992.
Studies were performed in a special chamber. Sound impact with a volume level of 72 dB on scale A is
acceptable according to the survey results for 88% of the population.

Table P.2.13.
Level of sound impact is acceptable for 50 and 20% of respondents in various metrics.

21. A Comparative Study of Human Response, Indoors, to Blast Noise and Sonic Booms, P.D. Schomer,
J.W. Sias, & D. Maglieri, 1996.
The results of these studies indicate that the CSEL sound exposure level measured outside buildings
should be used to predict the human response to high energy pulsed sounds.
General results show that a person’s reaction to sound impacts and sounds caused by explosions is very
similar.
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Figure P.2.5. Schomer & Sias – Indoor data

22. Waveform and Sonicboom Perception and Response (WSPR) program: Lowamplitude sonic booms
over small and large communities, Juliet Page, Christopher M. Hobbs and Kenneth Plotkin, Proceedings
of Meetings on Acoustics, Acoustical Society of America, 2013.
NASA-sponsored Waveform and Sonicboom Perception and Response Program, a NASA program, was
designed to test and demonstrate the applicability and effectiveness of data collection methods related
to a person’s subjective response to a few low-level impacts. Reaction of people living in the Edwards Air
Force Base (EAFB) area to the sound impacts of varying intensity created by an F-18 aircraft during
special maneuvering was investigated: from a few tenths of psf to about 1 psf (1 psf = 48 Pa). The
program included various combinations of sound impacts per day, including low L (0.13 psf), medium M
(0.33 psf) and high H (0.53 psf). More than 100 impacts were examined. In addition to the sound strikes
on the WSPR program, in the same period about 20 sound impacts were also committed in connection
with the planned flights of the base's aircraft.
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Table P.2.14.
WSPR Sound Impacts Program

Figure P.2.6. Comparison of WSPR results with other studies reviewed earlier by CHABA
1996
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